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paraphrase : Performance Characteristics of a Friction 

Disc Turbine by E.W. Beans, Penn. State U. Ph.D. thesis, 

June 1961. paraphrase of pages 1-3 of introduction. 

The Tesla Turbine has two parts: the nozzle and the 

rotor. The nozzle accelerates the fluid , and the rotor 
creates torque by changing the fluid's momentum. The Tesla 
Turbine's rotor speeds up (its momentum changed) because 
of friction between the fluid and rotor. Most turbine 
rotors are bladed, high-tech fans. 

Imagine a fluid flowing evenly and parallel across a 
solid disc. The difference of speeds between the fluid 
and the disc creates a shear stress that slows the fluid 
down. The layer of fluid next to and parallel to the disc 
is slowed to the same speed as that of the disc, a relative 
velocity of zero. This layer slows down the layer of fluid 
next to it, to nearly zero relative velocity. Each suc- 
ceeding layer of fluid is slowed down less the farther away 
they get from the disc where the relative velocity between 
fluid and disc is zero. This pattern of adjacent layers 
of fluid moving at different speeds is a "velocity profile." 

By slowing the fluid down, the shear stress (or drag 
force) reduces the fluid's momentum and kinetic energy and 
raises its temperature. If the disc is fixed to an axis 
perpendicular to it (a shaft and bearings), the drag force 
can create torque equal to the moment of the drag (force 
x force arm). If the disc is free to turn on the shaft, 
the torque will accelerate the disc, passing kinetic energy 
of motion from the fluid to the disc. As the disc speeds 
up, the relative velocity between it and the fluid decreases. 
This reduces the shear stress between disc and fluid while 
also reducing torque. The disc will keep speeding up until 
the torque produced by the relative velocity between disc 
and fluid equals the torque externally applied to the axis 
of rotation. The rotating disc is the rotor of the Tesla 
Turbine . 

The amount of torque depends on the amount of shear 
stress between disc and fluid. Increasing shear stress 
increases torque. So there should be more torque when there 
is a higher relative velocity between disc and fluid, and 
when flow is turbulent. Torque is made up of the shear 
stress and the area of the rotor disc; it can be increased 
by using more discs. Nikola Tesla's friction disc turbine 
has a series of smooth flat discs fixed parallel to each 
other on a shaft and housed in a cylinder. Fig. 1 shows 
the fluid path through a typical Tesla Turbine. The fluid 
accelerates through a nozzle or series of nozzles and enters 
the turbine tangentially at its outside radius. It flows 
between the discs, where its momentum changes, and then 
the fluid discharges at the inside radius as shown in the 
drawing by the dotted line. Also shown is the spiral path 
between the discs. As the angular* velocity of the discs 


*angular: pertaining to quantities related to a revolving 

body that are measured in reference to its axis of revolution 



increases, the shear stress across the discs decreases and 
and the spiral path becomes longer, the coils of the spiral 
being closer to each other. 

As in all radial inflow turbines, a pressure drop must 
exist between the outside and inside radii (coils) to get 
a flow. The main purpose of this pressure drop is to over- 
come the centrifugal force of the fluid, not to overcome 
the frictional resistance to flow. Thus the Tesla Turbine 
might be classified as a reaction turbine. But, as shown 
later, this pressure drop is large compared to other turbine 
and results in low efficiencies. 

(Editor's note: the thesis is 186 pages long, and is only 

one of several degree papers written about the Tesla Turbine 
in the 50 1 s and 60 ' s . ) 


/-NOZZLE 



FIG. I SCHEMATIC OF TESLA TURBINE 
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Tesla Turbine Design Criteria 
taken from Tesla and Possell 

Possell: ...nozzles based on Coanda Effect. 

...stamp discs — cheapest way to f abricate--spacers between 
discs; use hardened steel. 

...(Possell): Bernoulli's equation: total pressure = „ 

velocity squared plus static pressure (P , = v Z + P Z )(?). 

When fluid comes off periphery of pump rotor, the total 
pressure is all velocity. Then into divergent diffuser. 
Turbine: "series of nozzles'" is opposite of diffuser, 

converting pressure and temperature into velocity. 

...automatic overspeed protection — as load is removed & 
rotor gains speed, centrifugal force increases at a rate 
that is the square of the speed; centrifugal force soon 
equals the pressure ratio across the rotor from nozzle to 
exhaust, causing turbine speed to level off. 

...spacers between discs are of appropriate thickness to 
keep the flow of the effluent between discs in a laminar 
range for highest efficiency. 

...discs welded together on the shaft. Shaft mounted in 
two outboard bearings, continuously lubricated (steam turbine). 
...from pictures: discs are bolted together in one or two 

rows of concentric circles, depending on size of rotor-- 
holed in disc are full (no struts)--the two outside discs 
are thicker than the rest. Spacers must be where bolts go 
through that hold discs together. 

...9" rotor weighing less than 20 lbs. can develop 200 bhp. 

9 3/4" rotor x 2" wide, 110 hp with free exhaust, 9000 rpm. 

Tesla: ...(pump): fluid subjected to two forces: one acting 

tangentially in direction of rotation, the other radially 
outward. Combined effect of two forces is to accelerate 
the fluid to the outlet in spiral path. The path of the 
fluid can be estimated by determining the // of revolutions 
required to renew the fluid passing through the chamber and 
multiplying it by the ratio between the mean speed of the 
fluid and that of the discs. The flow is approximately 
proportional to the surface area of the rotor & its effec- 
tive speed. Therefore, performance increases quickly with 
increase of size & speed. Disc gap should be greater the 
larger the diameter, the longer the spiral path, & the 
greater the viscosity. Spacing should be such that the 
entire mass of the fluid before leaving the rotor is 
accelerated to a nearly uniform velocity, not much below 
that of the periphery of rotor under normal working con- 
ditions; almost equal to it when the outlet is closed & the 
particles move in concentric circles. 

...(turbine): with rotor turning freely, rim will attain 

speed close to the max of that the fluid in the intake jet, 

& the path of the fluidwill be relatively long, consisting 
of many almost circular turns. When loaded, rotor is slowed, 
motion of fluid is slowed, the # of turns are reduced, and 



the path is shortened. In general, the torque is indirectly 
proportional to the square of the velocity of the fluid 
relative to the rotor and to the effective area of the discs, 
and inversely to the distance separating them. The machine 
will generally perfprm its maximum work when the effective 
speed of the rotor is \ that of the fluid. But for highest 
economy, the relative speed or slip for any given perfor- 
mance should be as little as possible. This condition can 
be approximated by increasing the active area and reducing 
the disc gap. With fluid admitted through a convergent- 
divergent nozzle, pressure is converted wholly or in part 
into velocity. Rotor absorbs kinetic momentum as fluid 
whirls, with decreasing speed, to the exhaust. When expan- 
sion is complete in the nozzle, pressure in peripheral 
clearance between rotor and case is small. 

...In one respect, turbine and pump are essentially different. 
In the pump, the radial or static pressure due to centrifugal 
force is added to the tangential or dynamic force, thus 
increasing the effective head. But in the turbine, the 
radial or static pressure due to centrifugal force reduces 
the effective head & the velocity of radial flow toward the 
center. In turbine, desirability of a great torque calls 
for increased // of discs & smaller gap, but in pump, rotary 
effort should be the smallest & the speed the greatest 
practicable . 

Scientific American , 9-30-11 ... (re : turbine)... 

. . .hardened & tempered steel discs 

...in 18" turbine, fluid covers a path 12-16 ft. long 
...resistance to passage of fluid between discs is approx, 
proportional to the square of the relative speed which is 
at a maximum toward the center of the discs & is equal to 
the tangential velocity of the steam. Therefore the resis- 
tance to radial escape is very great & further enhanced 
by the centrifugal force acting outwardly. 

Engineering News Record , 10-12-1 1 ...( pump ) : fluid follows 

short or long path depending on quantity allowed to escape 
from outlet. With unrestricted exhaust, there’s little 
resistance to radial flow (that is from the backing up & 
development of pressure) & the tangential slip between 
disc & fluid is large. Pressure in casing depends on velocity 
of fluid leaving periphery of disc. Max pressure with exhaust 
throttled is proportional to disc speed. Velocity head 
converted to pressure head in diverging discharge nozzle. 

Power absorbed is proportional to square of slip.. 

...whole surface of each disc is effective in impelling fluid. 

. . .quantity of fluid discharged is proportional to disc 
area: capacity increases nearly directly with length along 

shaft (rotor width) and with square of diameter. 

...disc spacing increases with viscosity & diameter & de- 
creases with allowable slip. 

..fluid should be delivered from discs at not much below 
peripheral speed under normal load. 

...(turbine): if shaft were blocked, fluid would take short 
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path from inlet to exhaust. With rotor turning, centrifugal 
force makes fluid take a longer spiral path. 

...torque developed increases with difference in peripheral 
velocity of disc and of fluid in contact. Torque rises with 
the square of the slip. When shaft runs free without load, 
speed rises & the centrifugal counter-force on the fluid 
(traveling in long spiral, almost concentric paths) causes 
casing pressure to ruse nearly to supply pressure, difference 
being only that required to do the work of supplying losses. 
...max work done at about 50% average slip, but max effi- 
ciency comes with small slip. 

1906 . . .Tesla ' s first model --compressed air--35,000 rpm-- 
rotor 6" diameter--discs 1/32" thick--mounted on center of 
shaft 6" long, 1" diameter in middle & stepped down to V 
diameter on ends. Set in casing made of four parts bolted 
together. Eight discs; rotor width . Clearance between 
walls of case & faces of rotor 1/64". 30 hp . 

1910 Model . . .12" discs, 10,000 rpm, 100 hp 
...larger rotor diameter = slower rpm @ given output. 

...18" diameter, 25 discs 1/32" thick, total rotor thickness 
3 V ; path of fluid 12-16 ft., 200 hp on steam. 
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To all whom, it may concern: 

Be it known that I, Nikola Tesla, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
5 have invented certain new and useful Im- 
provements in ltotary Engines and Tur- 
bines, of which the following is a full, e’ear, 
and exact description. 

In the practical application of mechani- 
10 cal power, based on the use of fluid as the 
vehicle of energy, it has been demonstrated 
that, in order to attain the highest economy, 
the changes in the velocity and direction 
of movement of the fluid should be as 
15 gradual as possible. In the forms of appa- 
ratus heretofore devised or proposed, more 
or less sudden changes, shocks and vibra- 
tions are unavoidable. Besides, the employ- 
ment of the usual devices for imparting to, 
20 or deriving energy from a fluid, such as pis- 
tons, paddles, vanes and blades, necessarily 
introduces numerous defects and limitations 
and adds to the complication, cost of pro- 
duction and maintenance of the machines. 

25 The object of my invention is to over- 
come these deficiencies and to effect the 
transmission and transformation of me- 
chanical energy through the agency of 
fluids in a more perfect manner, and by 
30 means simpler and more economical than 
these heretofore employed. I accomplish 
this by causing the propelling fluid to move 
in natural paths or stream lines of least 
resistance, free from constraint and disturb- 
35 ance such as occasioned by vanes or kindred 
devices, and to change its velocity and di- 
rection of movement by imperceptible de- 
grees, thus avoiding the losses due to sud- 
den variations while the fluid is imparting 
40 energy. 

It is well known that a fluid possesses, 
among others, two salient properties, ad- 
hesion and viscosity. Owing to these a 
solid body propelled through such a medium 
45 encounters a peculiar impediment kntfwn as 
u lateral ” or iL skin resistance,” which is two- 
fold, one arising from the shock of the 
fluid against the asperities of the solid sub- 
stance, the other from internal forces op- 
50 posing molecular separation. As an inevi- 
table consequence a certain amount of the 
fluid is dragged along by the moving body. 
Conversely, if the body be placed in a fluid 
in motion, for the same reasons, it is im- 


pelled in the direction of movement. These 55 
effects, in themselves, are of daily observa- 
tion, bub I believe that I am the first to ap- 
ply them in a practical and economical man- 
ner in the propulsion of fluids or in their 
use as motive agents. 60 

In an application filed bv me October 
21st, 1909, Serial Number 523,832 of which 
this case is a division, I have illustrated the 
principles underlying my discovery as em- 
bodied in apparatus designed for the pro- 65 
pulsion of fluids. The same principles, how- 
ever, are capable of embodiment also in 
that field of mechanical engineering which 
is concerned in the use of fluids ns motive 
agents, for while in certain respects the 70 
operations in the latter case are directly 
opposite to those met with in the propul- 
sion of fluids, and the means employed 
may differ in some features, the fundamen- 
tal laws applicable in the twe cases are the 75 
same. In other words, the operation is re- 
versible, for if water or air under pressure 
be admitted to the opening constituting the 
outlet of a pump or blower as described, the 
runner is set in rotation by reason of the SO 
peculiar properties of the fluid which, in 
its movement through the device, imparts 
its energy thereto. 

The present application, which is a di- 
vision of that referred to, is specially in- 85 
tended to describe and claim my discovery 
above set forth, so far as it bears on the use 
of fluids as motive agents, as distinguished 
from the applications of the same to the 
propulsion or compression of fluids. 90 

In the drawings, therefore, I have illus- 
trated only the form of apparatus designed 
for the thermo-dynamic conversion of en- 
ergy, a field in which the applications of 
the principle have the greatest practical 95 
value. 

Figure 1 is a partial end view, and Fig. 

2 a vertical cross-section of a rotary engine 
or turbine, constructed and adapted to be 
operated in accordance with the principles 100 
of my invention. 

The apparatus comprises a runner com- 
posed of a plurality of flat rigid disks 13 
of suitable diameter, keyed to a shaft 16. 
and held in position thereon by a threaded 105 
nut 11, a shoulder 12, and intermediate 
washers 17. The disks have openings 14 
adjacent to the shaft and spokes 15, which 
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may be substantially straight. For the sake 
of clearness, but a few disks, with compara- 
tively wide intervening spaces, are illus- 
trated. 

5 The runner is mounted in a casing com- 
prising two end castings 19, which contain 
the bearings for the shaft 10, indicated but 
not shown in detail; stuffing boxes 21 and 
outlets 20. The end castings are united by 
10 a . central ring 22, which is bored out to a 
circle of a slightly larger diameter than that 
of the disks, and has flanged extensions 23. 
and inlets 24, into which finished ports or 
nozzles 25 are inserted. Circular grooves 20 
and labyrinth packing 27 are provided on 
the sides of the runner. Supply pipes 28. 
with valves 29, are connected to "the flanged 
extensions of the central ring, one of the 
valves being normally closed. 

20 Fof a more ready and complete under- 
standing of the principle of operation it is 
of advantage to consider first the actions 
that take place when the device is used for 
the propulsion of fluids for which purpose 
25 let it be assumed that power is applied to 
the shaft and the runner set in rotation say 
in a clockwise direction. Neglecting, for the 
moment, those features of construction that 
make for or against the efficiency of the de- 
3Q vice as a pump, as distinguished from a mo- 
tor, a fluid, bv reason of its properties of 
adherence and viscosity, upon entering 
through the inlets 20, and coming in contact 
wdth the disks 13, is taken hold of by the 
35 latter and subjected to two forces, one act- 
ing tangentially in the direction of rotation, 
and the other radially outward. The com- 
bined effect of these tangential and centrifu- 
gal forces is to propel the fluid with con- 
40 tinuously increasing velocity in a spiral path 
until it reaches a suitable peripheral outlet 
from which it is ejected. This spiral move- 
ment, free and undisturbed and essentially 
dependent on the properties of the fluid, per- 
45 mitting it to adjust itself to natural paths 
or stream lines and to change its velocity and 
direction by insensible degrees, is a charac- 
teristic and" essential feature of this principle 
of operation. 

50 While traversing the chamber inclosing 
the runner, the particles of the fluid may 
complete one or more turns, or but a part 
of one turn, the path followed being capable 
of close calculation and graphic representa- 
55 tion, but fairly accurate estimates of turns 
can be obtained simply by determining the 
number of revolutions required to renew the 
fluid passing through the chamber and mul- 
tiplying it oy the ratio between the mean 
60 speed of the fluid and that of the disks. I 
have found that the quantity of fluid pro- 
pelled in this manner, is, other conditions be- 
ing equal, approximately proportionate to 
the active surface of the runner and to its 
65 effective speed. For this reason, the per- 


formance of such machines augments at nn 
exceedingly high rate with the increase of 
their size and speed of revolution. 

The dimensions of the device as a whole, 
and the spacing of the disks in any given 7 q 
machine will be detemined by the conditions 
and requirements of special cases. It may 
be stated that the intervening distance should 
should be the greater, the larger the diameter 
of the disks, the longer the spiral path of 75 
the fluid and the greater its viscosity. In 
general, the spacing should be such that the 
entire mass of the fluid, before leaving the 
runner, is accelerated to a nearly uniform 
velocity, not much below that of the periph- 30 
ery of the disks under normal working con- 
ditions, and alm'ost equal to it when the out- 
let is closed and the particles move in con- 
centric circles. 

Considering now the converse of the nlxn'e 35 
described operation and assuming that fluid 
under pressure be allowed to pass through 
the valve at the side of the solid arrow, the 
runner will be set in rotation in a clockwise 
direction, the fluid .traveling in a spiral path 90 
and with continuously diminishing velocity 
until it reaches the orifices 14 and 20, through 
which it is discharged. If the runner be al- 
lowed to turn freely, in nearly frictionle^s 
bearings, its rim will attain a speed closely 95 
approximating the maximum of that of the 
adjacent fluid and the spiral path of the 
particles will be comparatively long, consist- 
ing of man} T almost circular turns. If load 
is put on and the runner slowed down, the 100 
motion of the fluid is retarded, the turns are 
reduced, and the path is shortened. 

Owing to a number of causes affecting the 
performance, it is difficult to frame a precise 
rule which would be generallv applicable, 105 
but it may be stated^that within certain 
limits, and other conditions being the same, 
the torque is directly proportionate to the 
square of the velocity of the fluid relatively 
to the runner and to "the effective area of the 110 
disks and, inversely, to the distance separat- 
ing them. The machine will, generally, per- 
form its maximum work when the effective 
speed of the runner is one-half of that of the 
fluid; but to attain the highest economy, the 115 
relative speed or slip, for any given perform- 
ance. should be as small as possible. This 
condition may be to any desired degree ap- 
proximated by increasing the active area of 
and reducing the space between the disks. 120 

When apparatus of the kind described i? 
employed for the transmission of power cer- 
tain departures from similarity between 
transmitter and receiver are necessary for 
securing the best results. It is evident that, 125 
when transmitting power from one shaft to 
another by such machines, any desired ratio 
between the speeds of rotation may be ob- 
tained bv a proper selection of the diame- 
ters of the disks, or by suitably staging the 130 
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transmitter, the receiver or both. But it 
may be pointed out that in one respect, at 
least, the two machines are essentially dif- 
ferent. In the pump, the radial or static 
5 pressure, due to centrifugal force, is added 
to the tangential or dynamic, thus increas- 
ing the effective head and assisting in the 
expulsion of the fluid. In the motor, on the 
contrary, the first named pressure, being op- 
10 posed to that of supply, reduces the effective 
nead and the velocity of radial flow toward 
the center. Again, in the propelled machine 
a great torque is always desirable, this call- 
ing for an increased number of disks and 
15 smaller distance of separation, while in the 
propelling machine, for numerous economic 
reasons, the rotary effort should be the small- 
est and the speed the greatest practicable. 
Many other considerations, which will nat- 
30 urally suggest them c elves. may affect the de- 
sign and construction, but the preceding is 
thought to contain all necessary informa- 
tion in this regnrd. 

In order to bring out a distinctive feature. 
25 assume, in the first place, that the motive 
medium is admitted to the disk chamber 
through a port, that is n channel which it 
traverses with nearly uniform velocity. In 
this case, the machine will operate as a 
30 rotary engine, the fluid continuously ex- 
panding on its tortuous path to the central 
outlet. The expansion takes place chiefly 
along the spiral path, for the spread in- 
ward is opposed by the centrifugal force 
36 due to the velocity of whirl and by the great 
resistance to radial exhaust. It is to be ob- 
served that the resistance to the passage of 
the fluid between *the plates is, approxi- 
mately.* proportionate to the square of the 
40 relative speed, which is maximum in the 
direction toward the center and equal to 
the full tangential velocity of the fluid. 
The path of least resistance, necessarily 
taken in obedience to a universal law of 
45 motion is, yirtuallv, also that of least rela- 
tive velocity. Next, assume that the fluid 
is admitted to the disk chamber not through 
a port, but a diverging nozzle, a device con- 
verting wholly or in part, the expansive into 
50 velocity-energy. The machine will then 
work rather like a turbine, absorbing the 
energy of kinetic momentum of the particles 
as they whirl, with continuously decreasing 
speed, to the exhaust. 

55 The above description of the operation. I 
may add, is suggested by experience and ob- 
servation, and is advanced merely for the 
purpose of explanation. The undeniable 
fact is that the machine does operate, both 
60 expansively and impulsively. When the ex- 
pansion in the nozzles is complete, or nearly 
so, the fluid pressure in the peripheral clear- 
ance space is small; as the nozzle is made 
less divergent and its section enlarged, the 
65 pressure rises, finally approximating that of 


the supply. But the transition from purely 
impulsive to expansive action may not be 
continuous throughout, on account of criti- 
cal states and conditions and comparatively 
great variations of pressure may be caused 
bv small changes of nozzle velocity. 

In the preceding it has been assumed that 
the pressure of supply is constant or con- 
tinuous, but it will be understood that the 
operation will be. essentially the same if the 
pressure be fluctuating or intermittent, as 
that due to explosions occurring in more or 
less rapid ‘succession. 

A very desirable feature, characteristic of 
machines constructed and operated in ac- S o 
cordance with this invention, is their capa- 
bility of reversal of rotation. Fig. 1 , while 
illustrative of a special case, may be re- 
garded as typical in this respect. If the 
right hand valve be shut off and the fluid gg 
supplied through the second pipe, the runner 
is rotated in the direction of the dotted ar- 
row, the operation, and also the performance 
remaining the same as before, the central 
ring being bored to a circle with-this purpose qq 
in view. The same result may be obtained 
in many other ways by specially designed 
valves, ports or nozzles for reversing the 
flow, the description of which is omitted 
here in the interest of simplicity and clear- 95 
ness. For the same reasons but one opera- 
tive port or nozzle is illustrated which inisrht 
be adapted to a volute but dees not fit best 
a circular bore. It will be understood that 
a number of suitable inlets may be provided iqq 
around the periphery of the runner to im- 
prove the action and that the construction 
of the machine may be modified in many 
ways. 

Still another valuable and probably 105 
unique quality of such motors or prime mov* 

I ers may be described. By proper construc- 
tion and observance of working conditions 
the centrifugal pressure, opposing the pas- 
sage of the fluid, may. as already indicated, no 
be made nearly equal to the pressure of sup- 
ply when the machine is running idle. If 
the inlet section be large, small changes in 
the speed of revolution will produce great 
differences in flow which are further cm 115 
hanced by the concomitant variations in the 
length of the spiral path. A self-regulating 
machine is thus obtained bearing a striking 
resemblance to a direct-current electric mo- 
tor in this respect that, with great differences 120 
of impressed pressure in a wide open chan- 
nel the flow of the fluid through the same is 
prevented by virturc of rotation. Since the 
centrifugal head increases as- the square of 
the revolutions, or even more rapidly, and 125 
with modern high grade steel great periph- 
eral velocities are practicable, it is possible 
to attain that condition in a single stage 
machine, more readily if the runner be of 
large diameter. Obviously this problem is 130 
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facilitated by compounding, as will be un- 
derstood by those skilled in the art. Irre- 
spective of its bearing on economy, this tend- 
ency which is, to a degree, common to 
5 motors of the above description, is of special 
advantage in the operation of large units, as 
it affords a safeguard against running away 
and destruction. Besides these, such a prime 
mover possesses many other advantages, both 
10 constructive and operative. It is simple, 
light and compact, subject to but little wear, 
cheap and exceptionally easy to manufac- 
ture as small clearances and accurate milling 
work are not essential to good performance. 
15 In operation it is reliable, there being no 
valves, sliding contacts or troublesome vanes. 
It is almost free of windage, largely inde- 
endent of nozzle efficiency and suitable for 
igh as well as for low fluid velocities and 
20 speeds of revolution. 

It will be understood that the principles 
of construction and operation above gener- 
ally set forth, are capable of embodiment in 
machines of the most widely different forms, 
25 and adapted for the greatest variety of pur- 
poses. In my present specification I have 
sought to describe and explain only the gen- 
eral and typical applications of the principle 
which I believe lam the first to realize and 
30 turn to useful account. 

What I claim is: 

1. A machine adapted to be propelled bv 
a fluid consisting in the combination with a 
casing having inlet and outlet ports at the 

35 peripheral and central portions, respectively, 
of a rotor having plane spaced surfaces be- 
tween which' the, fluid may flow in natural 
spirals and by adhesive and viscous action 
impart its enerpw of movement to the rotor, 
40 as described. 

2. A machine adapted to be propelled by 
a fluid, comprising a rotor composed of a 
plurality of plane spaced disks mounted on a 
shaft and open at or near the same, an in- 

45 closing casing with a peripheral inlet or in- 
lets, in the plane of the disks, and an outlet 
or outlets in its central portion, as described. 

3. A rotary engine adapted to be propelled 
by adhesive and viscous action of a continu- 

50 ously expanding fluid comprising in combi- 
nation a casing forming a chamber, an inlet 
or inlets tangential to the periphery of the 
same, and an outlet or outlets in its central 
portion, with a rotor composed of spaced 


disks mounted on a shaft, and open at or. 55 
near the same, as described. 

4. A machine adapted to be propelled by 
fluid, consisting in the combination of a plu- 
rality of disks mounted on a shaft and open 

at or near the same, and an inclosing casing 50 
with ports or passages of inlet and outlet* 
at the peripheral and central portions, re- 
spectively, the disks being spaced to form 
passages through which the fluid may flow, 
under the combined influence of radial and 65 
tangential forces, in a natural spiral path 
from the periphery toward the axis of the 
disks, and impart its energy of movement to 
the same by its adhesive and viscous action 
’thereon, as set forth. 70 

5. A machine adapted to be propelled bv 
a fluid comprising in combination a plural- 
ity of spaced disks rotatably mounted and 
having plane surfaces, an inclosing casing 
and ports or oassages of inlet and outlet ad- 75 
jacent to the periphery and center of the 
disks, respectively, as set forth. 

6. A machine adapted to oe propelled by a 
fluid comprising in combination a. runner 
composed of a .plurality of disks having 80 
plane surfaces and mounted at intervals on 

a central shaft, and formed with openings 
near their centers, and means for admitting 
the propelling fluid into the spaces between 
the disks at the periphery and discharging it 85 
at the center of the same, as set forth. 

7. A thermo-dynamic converter, compris- 
ing in combination a series of rotatably 
mounted spaced disks with plane surfaces. 

an inclosing casing, inlet ports at the pc- 90 
ripheral portion and outlet ports leading 
from the central portion of the same, as set 
forth. 

8. A thermo-dynamic converter, compris- 
ing in combination a series of rotatably *95 
mounted spaced disks with plane surfaces 
and having openings adjacent to their cen- 
tral portions, an inclosing casing, inlet ports 

in the peripheral portion, and outlet ports 
leading from the central portion of the same, 100 
as set forth. 

In testimony whereof I affix mv signature 
in the presence of two subscribing witnesses. 

NIKOLA TESLA. 

Witnesses : 

M. Lawson Dyer, 

Wm. Boiileber. 
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NEW INVENTIONS BY TESLA. 


ADDRESS AT MEETING OF NEW YORK SEC- 
TION OK NATIONAL ELECTRIC LIGHT 
ASSOCIATION. 


* ; My project was evidently far in ad- 
vance of the times. Its progress was re- 
tarded and I was compelled to devote 
myself for a time to other inventions 
which appealed more to practical men. 
After years of careful thinking, I found 
that what the world needed most, and 
would most readily accept, was an ef- 
ficient prime mover, a converter of heat 
into mechanical energy. This all the 
more as a new world is about to be 
explored, the wrrld of waste. When 
you consider that in the manufacture 
of steel and iron in this country, some 
thirty million horsepower could be har- 
nessed and a proportionate income de- 
rived from that power, all of which is 
wasted today, you can. see what value 
a good convertor of thermal energy 
into mechanical energy would have. 

“But to conceive that a prime mover 
is valuable and to get up one. are two 
different things. After some thought T 
finally came to the following argument : 
suppose a number of plates are moved 
through a fluid medium, the medium 
will, of course, he dragged along with 
tlie plates, and a certain frictional loss 
will be incurred. Inside the casing are 
arranged on a shaft a number of disks 
with openings and spokes and there are 
orifices of entrance cn the sides to pro- 
duce a perfect balance, and the usual 
arrangement of outlets. This system of 
disks being rotated. Die water or air is 
sucked into the channel, is taken hold 
of and moves in a logarithmic spiral 
with very nearly the velocity of the sys- 
tem. It was perfectly well known that 
a fluid would be dragged by rotating 
surfaces, but somehow nobody realized 
the conditions for economic working, 
nor lias any one properly grasped the 
principles which could be applied to 
propulsion. So it happens again that it 
is my good fortune to come to the res- 
cue. and I have produced a highly eco- 
nomical way of compressing or pump- 


ing fluids. “ Mr. Tesla then gave a prac- 
tical demonstration of the working of 
the principle in a model pump. 

‘'This is one of the early forms of 
blower which ] constructed (referring 
to diagram). “That was constructed 
three years ago. It is a two-stage blower. 
Far more important than the pump 
blower or compressor is the turbine. 
Her** is a simple structure, a easing with 
two entrances, disks arranged on the 
shaft and outlets in the center for the 
escape. In this instance the power is 
applied to one of t ho openings and the 
fluid moves with decreasing velocity 
toward the center until its energy is ex- 
hausted and transferred to the shaft. 
If the theory is correct. I am able To 
Take nut the entire energy of steam in 
one single stage. In the present tur- 
bine. sixty-five per eent is the limit of 
efficiency : theoretically 1 should be able 
to get ninety-nine per cent of the total 
energy of the steam on the shaft in these 
turbines. These turbines- are simple, 
they have a great torque, far better than 
other turbines, and a machine will de- 
velop ten horsepower for every pound 
of weight. This principle can also he 
applied to the gas turbine/’ 

Several slides showing two turbines 
coupled together were then projected 
on the screen and a new method of 
power measurement described. Mr. 
Tesla then dwelt on the advantages of 
these machines and showed a number 
which were constructed and in opera- 
tion. They have no ducts, nozzles or 

such complications which cause so much 
1 rouble, and besides the machines are 
perfectly reversible, working with the 
same efficiency back or forth, making a 
valuable machine for driving boats, lo- 
comotives. automobiles, etc. The accom- 
panying illustrations show two of these 
tu r bines. 

“In this new invention we have a 
beautiful .solution of many mechanical 
problems. AVe have a prime mover 
which is reversible, ideally simple, of 
enormous torque, incomparably greater 
than the turbine possesses, so 3 am look- 
ing for a revolution in mechanics from 
the application of this principle/ 7 
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THE TESLA TURBINE 

A MACHINE AS BIG AS A DERBY HAT THAT GENERATES IIO HORSEPOWER 


BY 

FRANK PARKER 

W E FOLLOWED Dr. 

Nikola Tesla through 
the Waterside Power 
Station of the New 
York Edison Company 
— along narrow passages lined with 
huge electric switches, the turning of 


STOCKBR 1 DGE 

any one of which would throw a 
whole section of Manhattan into dark- 
ness or a blaze of light. We stumbled 
in the shadows of whirring dynamos, 
skirted great Corliss engines that seemed 
to rise from the very bowels of the earth 
beneath us and detoured past thundering 


turbines. Before the largest turbine we 
paused for a moment. 

" Here/' said Dr. Tesla, pointing 
to the huge machine, "is a triumph of 
engineering skill. This turbo-dynamo, the 
largest ever made, developing 30,000 
horsepower, was built from plans worked 
out on paper. It was never tested until 
it was erected here and it worked per- 
fectly from the first turning on of steam. 
That is engineering. But that is not 
what we are here for.” 

We pressed on until we reached an open 
space where a mechanic in blue jeans 
was wiping the oil and grease from a 
machine so tiny in comparison with the 
gigantic turbine we had just inspected 
that it seemed like a toy. 

"Here it is,” said the tall, thin man — 
or rather he shouted, for the noise of a 
hundred thousand horsepower of moving 
machinery is not conducive to free vocal 
expression. " Better take off your coats,” 
he continued, "for it is a cold night and 
it gets pretty hot in here.” 

We followed his advice and example 
and stripped down to shirt-sleeves. 

"Turn on the steam,” said the inventor 
to the mechanic. The workman gave 
a valve a short turn. From inside the 
little machine, which seemed to be com- 
posed of two identical parts connected by 
a spiral spring, came a humming sound; 
the connecting spring began to revolve 
so rapidly that it looked like a solid bar 
of steel and the floor under our feet shook 
with rapid vibrations which died down. 

I glanced at a speed-gauge attached to 
what seemed to be the main shaft of the 
device and saw that it was registering 
7,000 revolutions a minute. I looked 
up at the main steam gauge overhead and 
saw a pressure of ninety pounds to the 
square inch indicated. 

Dr. Nikola Tesla, inventor of the 
alternating-current motor, and pioneer 
in research into high-tension electric cur- 
rents generally, was demonstrating his 
latest invention— a steam turbine, differ- 
ent in principle from any heretofore in use 
and one which will take less room and less 
coal per horsepower than the best engines 
now running. "It's up to its normal 
speed now — about nine thousand revo- 


lutions,” said Dr. Tesla, and the tacho- 
meter bore out his statement. “You 
see, for testing purposes, I have these two 
turbines connected by this torsion spring. 
The steam is acting in opposite directions 
in the two machines. In one, the heat 
energy is converted into mechanical power. 
In the other, mechanical power is turned 
back into heat. One is working against 
the other, and by means of this beam of 
light we can tell how much the spring is 
twisted and consequently how much power 
we are developing. Every degree marked 
off on this scale indicates twenty-two 
horsepower.” We looked at the scale. 
The beam of light stood at the division 
marked " 10.” 

"Two hundred and twenty horsepower,” 
said Dr. Tesla, "We can do better 
than that.” He opened the steam valves 
a trifle more, giving more power to the 
motive end of the combination and more 
resistance to the "brake” end. The 
scale indicated 330 horsepower. "These 
casings are not constructed for much 
higher steam pressures, or I could show you 
something more wonderful than that. 
These engines could readily develop 1,000 
horsepower,” he said, as we watched the 
turbine running smoothly, steadily, al- 
most noiselessly except for that single 
clear, musical note. 

Standing nearby was another and 
smaller machine of the same type, con- 
nected through a gear-box with a dynamo. 
The engine itself would almost go into an 
ordinary hat-box. At a signal from Dr. 
Tesla the mechanic turned on the 
steam. Instantly, without the fraction 
of a second’s apparent delay, the dy- 
namo was under full speed, and from 
the end containing the motor rose the 
same clear note, indicating a well-bal- 
anced machine running freely at its nor- 
mal speed. 

"This little turbine has developed no 
horsepower under tests,” said Dr. 
Tesla. It was about the size of a derby 
hat. 

"Careful tests have shown that the 
single-stage turbine, running at 9,000 
revolutions per minute, with a steam 
pressure of 125 pounds at the inlet, devel- 
oping 200 brake horsepower, consumes 
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THE TESLA TURBINE 


38 pounds of saturated steam per horse- 
power hour/' said Dr. Tesla. 

" But 1 can do better than that by com- 
pounding/’ he added. "The heat-drop 
under the conditions I named is only 130 
British thermal units, and that is less than 
one third of the amount available under 
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constant load, use about eleven pounds. 
1 have undertaken a contract to produce 
one which will consume less than nine. 

"The idea on which all steam engines 
— gas engines, too — have been built in 
the past was that there must be something 
solid and substantial for the steam to 



DR. NIKOLA TESLA 

WHO, IN HIS SEARCH FOR AN ENGINE SUFFICIENTLY LIGHT AND POWERFUL TO 
OPERATE THE IDEAL FLYING MACHINE, HAS INVENTED A WONDERFUL 
LITTLE TURBINE MOTOR, FOR GENERAL USE, THAT IS AN EN- 
TIRELY NEW APPLICATION OF MECHANICAL PRINCIPLES 


modern conditions of superheated steam 
and high vacuum. By compounding the 
turbines 1 shall get a steam consumption 
of not more than eight pounds per horse- 
power hour. 

"The most efficient steam engines in 
America, big, slow-moving pumping en- 
gines working under ideal conditions and 


push against. The piston of a recipro- 
cating engine and the blades and buckets 
of modern turbine engines are examples 
of what 1 mean. That idea has made 
them rather complicated devices, requir- 
ing careful fitting for efficient operation, 
great expense for repairs, and, especially 
in the case of turbines, great liability to 
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damage. It has also made them bulky 
and heavy. 

“What I have done is to discard en- 
tirely the idea that there must be a solid 
wall in front of the steam and to apply 
in a practical way, for the first time, two 
properties which every physicist knows 
to be common to all fluids (including steam 
and gas) but which have not been utilized. 
These are adhesion and viscosity. 

“ You know that water has a tendency 
to stick to a solid surface. That is the 



THIS ABSURDLY SMALL ENGINE — TESLA'S SMALL- 
EST MODEL — DEVELOPS MO HORSE POWER 


property of adhesion which every fluid 
— gas, steam, water, or whatever it be — 
possesses. You also know that a drop of 
water tends to retain its form, even against 
a considerable force, such as gravity. 
That is viscosity, the tendency to resist 
molecular separation, and all fluids have 
this property, too. 

" It occurred to me that if 1 should take 
circular disks, mount them on a shaft 
through their centres, space them a little 


distance apart, and let some fluid under 
pressure, such as steam or gas, enter the 
interstices between the disks in a tangen- 
tial direction, the fluid, as it moved, owing 
to these properties of adhesion and 
viscosity, would tend to drag the disks 
along and transmit its energy to them. 

1 1 happened just as I had thought it would, 
and that is the principle of this turbine. 
It utilizes the very properties which cause 
all the loss of power in other turbines. 

“Inside of the casings of those engines 
you saw — instead of buckets or blades 
or vanes on the edge of a wheel, there are 
simple disks of steel mounted on the shaft. 
In the two larger turbines these disks 
are eighteen inches in diameter and one 
thirty-second of an inch thick. There are 
twenty-three of them, spaced a little 
distance apart, the whole making up a 
total thickness of three and one half 
inches. The steam, entering at the 
periphery, follows a spiral path toward 
the centre, where openings are provided 
through which it exhausts. As the disks 
rotate and the speed increases, the path 
of the steam lengthens until it completes 
a number of turns before reaching the 
outlet — and it is working all the time. 
In the ordinary turbine the steam passes 
only around the periphery and the central 
portion of the wheel is useless. Moreover, 
every engineer knows that, when a fluid 
is used as a vehicle of energy, the highest 
possible economy can be obtained only 
when the changes in the direction and 
velocity of movement of the fluid are 
made as gradual and easy as possible. In 
previous forms of turbines more or less 
sudden changes of speed and direction 
are involved.” 

Later, in his laboratory in the Metro- 
politan Tower, discussing the commen- 
dations which eminent engineers, many 
of them with international reputations, 
have expressed concerning his turbine, 
Dr. Tesla summarized the points that 
make it a long step in advance in mechan- 
ical engineering. 

" To say nothing of it being a new appli- 
cation of mechanical principles,” he said, 
“it has many decided advantages. First 
of these is its simplicity. It is com- 
paratively inexpensive to construct, be- 
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cause nothing but the bearings need be 
accurately fitted, and exact clearances 
are not essential. Then there is nothing 
in it to get out of order and the disks 
can easily be replaced by any competent 
mechanic. It can be reversed without 
complex or cumbersome apparatus — all 
that is needed is a two-way valve to let 
the steam in at one side or the other, as 
desired. Reversing an ordinary turbine 
is next to impossible. 

" My machine occupies, as you saw 


cation of it is as a pump, either for water 
or for air. The same disk arrangement 
is used, but the casing is so arranged, when 
built as a pump, that the fluid enters at 
the centre and is ejected at the periphery.” 
He led the way into an adjoining room 
where a tiny turbine pump, with disks 
only three inches in diameter, operated by 
a one twelfth horsepower electric motor, 
was pumping 40 gallons of water a minute 
against a 9-foot head. 

“How did you happen to turn your 



TESTING THE SPEED, POWER, AND STEAM PRESSURE OF A TESLA TURBINE 

THE PICTURE SHOWS TWO ENGINES, EACH CAPABLE OF PRODUCING 33O HORSE-POWER, WORKING AGAINST 
ONE ANOTHER FOR TEST PURPOSES, THE TORSION SPRING CONNECTING THE TWO 
BEING USED TO INDICATE THE AMOUNT OF POWER DEVELOPED 


little space — the no horsepower turbine 
has disks only 9I inches in diameter — 
and in consequence it weighs very little. 
The lightest engines now in use weigh 
2\ pounds to the horsepower, while these, 
in their crudest forms, weigh less than 
that, and 1 expect to be able to produce 
10 horsepower to the pound. Using gas 
instead of steam it gives most gratifying 
results, doing away with the complicated 
valves and springs of the prevailing types 
of gas engines. Another interesting appli- 


attention to mechanics instead of elec- 
tricity?" 1 asked. 

“ I was a mechanical engineer before 
1 ever took up electricity,” replied Dr. 
Tesla. " I went into electric science years 
ago because 1 thought, in that direction, 
I was going to solve the problem I have 
been working on all my life — the pro- 
duction of an engine sufficiently light and 
powerful to operate the ideal flying 
machine. All my work in the wireless 
transmission of power, which has at- 
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tracted more public attention than any- 
thing else 1 have ever done, was toward 
that end. I do not expect to build 
that ideal machine to-morrow, any more 
than 1 expect every steam engine in the 
world to be thrown into the scrap-heap 
because of this new application of mechan- 
ical principles, but such a flying machine 
will come some day, and meantime 1 


"My age? What do you think it is?” 
he asked. 

" If I didn't know better, I’d say around 
forty," 1 ventured. " Fifty, for a guess." 

" Fifty-four," was the answer. 

"And you still expect to perfect your 
flying machine?” 

"Why not? 1 have half a century yet 
to live, if no accident happens. One 



A TESLA TURBINE WITH THE TOP OFF 

SHOWING THE SERIES OF THIN DISKS BETWEEN WHICH THE STEAM PASSES AND WHICH, BY THE POWERS 
OF ADHESION AND VISCOSITY, THE STEAM DRAGS WITH IT IN ITS REVOLVING COURSE 


have succeeded in developing something 
new in prime movers. I am young yet 
and have plenty of time ahead of me." 

1 remembered that it was twenty-seven 
years ago that he had come over from 
Lika with the principle of the rotating 
field for alternating current motors al- 
ready worked out, and began some mental 
calculations, which Dr. Tesla noticed. 


of my grandfathers lived to be 118, the 
other past 100. One of my mother's 
grandfathers won a footrace at the age 
of 73. 1 hope it will not take me fifty 

years to perfect the flying machine, but 
if it does, I expect to be young enough 
at 104 to make a flight in it. The Tesla 
turbine will be on the market long before 
that, however.” 
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The Tenia turbine testing plant at the Edison Waterside Station, New York. 


The Tesla Steam Turbine 

The Rotary Heat Motor Reduced to Its Simplest Terms 


I T’ will interest the readers ol the SeiK.vnt'n- Amc.ki- 
•'AN to know that Nikola Tesla, whose reputai inn 
must, naturally. siand upon the coni rflnitious he made 
to domical engineering when the art was yet in its 
com para live, infancy, is by training and choice a me- 
chanical engineer. with n strong leaning to that branch 
of it which is covered by the term "steam engineer- 
ing.'’ For several years past he has devoted much of 
his attention to Improvements In thermodynamic con- 
version. ami the result of Iris theories and pradical 
experiments is to be found In an entirely new form 
oT prime movers shown in operation at the Waterside 
station or the. New York Edison Company, who kindly 
placed the facilities of their great plant at his disposal 
for carrying on experimental work. 

Tty Hie courtesy of the Inventor, we are enabled to 
publish the accompanying views, representing the 
testing plant at the Waterside station, which are the 
first photographs of this interesting motor that have 
yet been made public. 

The basic principle which determined Tesla's inves- 
tigations was the well-known fact that when a fluid 
(steam, gas or watpr) is used as a vehicle of energy, 
the highest possible economy can be obtained only 
when the changes in velocity and direction of the 
movement of the fluid are made as gradual and easy 
as possible. In the present forms of turbines In which 
the energy is transmitted by pressure, reaction or 

impact, as in the De Lava], Parsons, and Curtiss 

types, more or less sudden changes both of speed and 

direction arc involved, with consequent shocks, vibra- 
tion and destructive eddies. Furthermore, the intro- 
duction of pistons, blades, buckets, and intercepting 
devices of this general class, into the path of the 

fluid Involves much delicate and difficult mechanical 
construction which adds greatly to the cost both of 
production and maintenance. 

The desiderata In an Ideal turbine group themselves 
under the heads of the theoretical and the mechanical. 
The theoretically perfect turbine would be one In 
which the fluid was so controlled from the inlet to the 
exhaust that its energy was delivered to the driving 
shaft with the least possible losses due to the mechan- 
ical means employed. The mechanically perfect tur- 
bine would be one which combined simplicity and 
cheapness of construction, durability, ease and rapidity 
of repairs, nnd n small ratio of weight and space nr 
eupled to the power delivered on the shaTt.. Mr. Tesla 
maintains that in the turbine which forms the subject 
of this article, he has carried the Bteam and gas motor 
a long step forward toward the maximum attainable 
efficiency, both theoretical and mechanical. That these 
clainis ar** well founded Is shown by Liu; fact that in 
the plant at the. Edison station, he is securing an 
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The turbine used as a pump. 
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output of 200 horse-power from a single-stage steam 
turbine with atmospheric exhaust, weighing less than 
2 pounds per horse-power, which is contained within 
a Bp ace measuring 2 feet by ?> feet, by 2 feet in height, 
and which accomplishes these results with a thermal 
fall of only 130 H.T.U.. that Is, about one third of the 
total drop available. Furthermore, considered from 
the mechanical standpoint, the turbine is astonishingly 
simple ami economical In construction, ami by the 
very nature of Us construction, should prove to pos- 
sess such a durability and freedom from wear and 
breakdown as to plnre it. In these respects, far in 
advance of any type of steam or gas motor of tho 
present day. 

Flrlefly stated, Tesla's steam motor consists of a set 
of flat si eel d isles mounted on a shaft and rotating 
within a casing, the slea.ni entering with high velocity 
at the periphery of the disks, flowing between them in 
free spiral paths, and Anally escaping through exhaust 
ports at their center. Instead of developing ihe energy 
of the steam by pressure, reaction, or impact, on a 
series of blades or vanes, Tesla depends upon the fluid 
properties of adhesion and viscosity— the atlraction of 
the steam to the faces of the disks and the resistance 
of its particles to molecular separation combining in 
transmitting the velocity energy of the motive fluid to 
the plates and the Bhaft. 

By reference to the accompanying photographs and 
line drawings, it will be seen that the turbine has a 
rotor A which in the present case consists of 25 flat 
steel disks, one thirty-second of an inch In thickness, 
of hardened and carefully tempered steel. The rotor 
as assembled Is 3K* inches wide on the face, by IS 
Inches In diameter, and when the turbine is running 
at its maximum working velocity, the material is 
never under a tensile stress exceeding 50.000 pound* 
per square inch. The rotor is mounted in a casing 
D, which is provided with two Inlet nozzles, B 
for use In running direct and ft' for reversing. Open- 
ings C are cut out at the central portion of the disks 
and these communicate directly with exhaust ports 
formed in the side of the casing. 

In oi>eratlon, the steam, or gas, as the case may be, 
is directed on the periphery of the disks through the 
nozzle Jt (which may be diverging, straight or con 
verging), where more or less of its expansive energy 
is converted into velocity energy. When the machln* 
Is at rest, the radial and tangential forces due to tbs 
pressure and velocity of the steam cause it to travel in 
a rather short curved path toward the central exhaust 
opening, as Indicated by the full black line in ft* 
accompanying diagram: but as the disks commence to 
rotate and their speed Increases, the steam travel* in 
spiral paths the length of which Increase* until. II 



; i. tin i as<- nf the prns<-nt turbine, the particles of 
ih< tlm;l complete a number of turns around the 
>hal t before touching the. exhaust, covering in the 
].«'itntim<' a lineal path some 12 to 1 0 feet In 
i.nplh. During Us progress from inlet to exhaust, 
r he velocity amt pressure of the steam are reduced 
until ii leaves the exhaust at 1 or 2 pounds Rage 


The resistance m the jitussage of the steam or gus 
between adjoining plates is approximately proportion- 
ate to the square of the relative speed, which is ai 
a maximum toward the center of the disks and Is 
equal to the tangential velocity of the steam. Hence 
the resistance to radial escape is very great, being 
furthermore enhanced by the centrifugal force acting 
outwardly. One of the most desir- 
able elements in a perfected turbine 
is (hat «r reversibility, ami we are 
a!! familiar with the many and fre- 
quently cumbersome means which n 

have been employed to secure this j/A 

end. It will Ik* semi that this turbine 
is admirably adapted for reversing. q 
since this effect can be secured by ]LW 

merely closing the right-hand valve ¥ it 

and ojpening that on the left. 

ll is evident that ihe principles of • A 

this turbine are equally applicable. » ;• 

by slight modifi ations of design, for 0 

its use as a pump, and we present a . 

photograph of a demonstration model ^ 'J' 

which is in operation in Mr. Teslas jy 

office. This little pump, driven hy 

an electric motor of 1/12 horse-power, 
delivers 40 gallons per minute against 
a head of 0 feet The discharge pipe 
Pads up lo a horizontal tube provided with a wiro 
mesh Tor screening the water and checking the eddies 
The water falls through a slot in the bottom of 
this tube and a 'ter passing below a baffle plate (lows 
it; a steady stream about % inch thick by IS inches 
in width. to » trough from which it returns to the 
|iinni> rumps of this ebnntcicr allow art Wllcb-in-v 
favor ably comparing with lltal of centrifugal pumps 
and they have ihe advantage that great heads are oh* 
taiuabtc ecoriomica llv in a single stage. The runner is 
mourned in a two-part volute casing and except for 
the fact that the place of the buckets, vanes, etc., of the 
ordinary centrifugal pump is taken by a set of disks, 
the construction is generally similar to that of pumps 
d r the standard kind. 

In roti elusion, it should he noted that although tin 
experimental plant at the Waterside station develops 



Details of turbine. 


turbines connected hy a carefully calibrated 
torsion siiring, the machine to the left being 
the driving element, the other the brake. In 
the brake element, the steam is delivered to 
the blades in a direction opposite to that of 
the rotation of the disks. Fastened to the 
• liali of I In ■ l)i :t Id l m'ti i m- is a hollow pull-v 
prevail'd wiih iwn diametrically opposite nar- 
row slots, and an incandescent lamp placed In- 
side close to the rim. As the. pulley rotates, 
two flashes of light pass out of the Bame. and 
by means of reflecting mirrors and lenses, they 
are carried around the plant and fall upon two 
rotating glass mirrors placed back to hack on 
the shaft of ihe driving turbine so t liar the 
renter line of the silver coatings coincides with 


Thl* turbine, irjiow rot or cmi-t-l* ■‘imply of » »«-t nf fliU ilirk* tK ilit'lics In iliiimelci 
<1'.’V<>ln|m iHO brake tinrro-iMtivi r on U-st. 


Turbine with upper half of casing removed. 
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Longitudinal Sectiun , Cros! 

FIG. 1. THE TE&LA DISK-IMPELLER PUMP. 


Lcngitudmol Section. Cross Section 

FIG 2, THE TESLA DISK WHEEL IN A STEAM TURBINE. 


The Te*U Steam Turbine. 

A novel design of it team turbine was ineii- 
tj lined beTuie a local meeting of the National 
Electric Eight Association In New York City, on 
May ]&, Hill, by Mr. Nikola Tesla, whose name 
has Income famous In cunnei Hon with the rotat- 
ing magnetic field and other alternating -current 
developments Several different types of power 
uppara lus, both driving mid driven, embodying 
the underlying principle ot this turbine design 
bavu now Imen bulb and tested In the Teaiu 
laboratories. including a turbine which has been 
running at the Waterside Station of the New 
York Edison Company fur several months. The 
general results of tins early work have recently 
been made public hy Mr Tesla.* 

The following outline of the designs and the 
underlying principle running through them all 
has been made after a conversation with Mr. 
Teaiu and a study of the apparatus. The funda- 
mental principle underlying these several designs 
appears to be broadly applicable to appa- 
ratus wherein a fluid moves some device oi the 
device causes the fluid t-> move This includes 
hydraulic, strum and interna) combustion motors, 
hydraulic and air pumps, etc. 

The study of this most interesting line of de- 
signs may be approached through the case nf 
either prune movers of driven devices. For the 
purpose* of this article It Is perhaps simpler to 
consider first a pump for a fluid like air, gas, 
vapor, ur Ihjuld. Fig. 1 shows, more or less 
dtagrammatically, a rotary pump in which a series 
of smooth, flat disks revolves in a casing, with a 
volute delivery passage. The disks are fastened 


in a driving shaft but have central openings 
which servo as inlets for the fluid On rotating 
the shaft and disks, the fluid Sim tn contact with 
the disks is set In motion, even with perfectly 
•month disks, on account of the molecular adhe- 
sinfi between disk and fluid The fluid between 
disks is also dragged along by the molecular at- 
traction between particles of the fluid (viscosity). 
Thr motion ot each point of the disk being circu- 
lar, It is evident that the particles of fluid re- 
ceive impelling forces which are always tangen- 
tial in the circular paths. The successive points 
mi the disk that impel given particles of fluid are 
at increasing distances from the center. The 
fluid being mechanically unconstrained by walls 
or vanes except In an axial direction Is free to 
travrl In spiral paths from the axis to the 
periphery. 

The fluid. In traversing the space from Inlet to 
periphery, may follow a long spiral of several 
turns or a short one ol part of a turn, depending 
on the quantity of fluid that is allowed to aacape 
from the outlet With unrestricted flow from 
the casing, there la little resistance to flow In a 
radial direction (that Is from the backing up 
tend development of pressure), and the tan- 
gential slip between disk and fluid is large. 
The pressure In the casing deptoids on the 
velocity with which the particles of fluid 
leave the periphery of the disk; the maxi- 
mum pressure with the exit throttled is then pro- 

•For early st.i!« m-ntx of these developments 
see “Electrical He view and Western Electrician," 
th.pl. k and 10, 1911; “The Scientific American," 
Sept 10, mj. 


apparatus where only the relatively binuli av«a 
of buckets. blades, or other projections is 
effective 

Consideration also shows that any nuckels or 
projecting parts that a disk might carry would 
constrain the fluid lo travel in paths less natural 
or free, with the consequent development of Im- 
pact and eddy friction which may be expected to 
decrease the efficiency over that of simple disks 
depending for their hold on the fluid only on 
natural molecular forces. In the caae of the 
Tesla disks, the particles of fluid may be men- 
tally pictured as rolling along on their spiral 
paths In orderly procession, held to the disks by 
some gravitation or force; whereas In the case 
of a disk with projections, the fluid wuuld be 
pushed and crowded along by Impact, with con- 
sequent disturbances 

It has been found, as theory would indicate, 
that the quantity of fluid discharged off the disks 
ia proportional to the area of the disks; that Is, 
the capacity of such machines Increases nearly 
directly with their length along the shaft aud 
about as the square of their diameter, the dis- 
crepancies arising naturally from the casing nut 
having Impelling surface but adding to the diam- 
eter and length of the machine. 

The spacing of the disks In nub a machlno 
would depend on the conditions under which it 
had to operate— Increasing with the viscosity uiid 
diameter and decreasing with the allowable- slip 
The aim of the designer would be to deliver the 
fluid from the disks at not much below- peripheral 
spaed under normal load conditions. When limi- 
tations of practical design would prevent the 
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securing desired pteasur rs with tmc aimjiic 
•el o f disk* the multiplication of alutfue la dually 
fcGvoiiipli»hed. The fluid then would phbh iron; 
the exit pa«a*se» of one stage to the inlet of * 
second. and so on. 

The operation* ot a pump, at abate described, 
are In general fevernlblo for the production of 
power from a fluid moving with considerable 
i ulocliy or under pressure If a fluid under plea- 
sure, but of low vtlotity, enters the cusim [ of the 
device shown in Fig 1 in order to flow along the 
volute of decreasing crosa-St*. liott and through 
the Inter- disk spaces to what 1* now the outlet. 
It must constantly accelerate, converting its 
pressure head to velocity houti. This moving 
fluid will e»i'M u puli oil the disks on account 
of moi ocular adhesion and viscosity If the aha ft 
wer« blocked so that it could not rotate, the 
particle* of fluid would take short spiral paths 
from the volute to the outlet 


if the disks ale aliuWtd U rotate, huwewr. 
the particles of fluid in contact with the diekn 
wocild be su hjectcd io a force preventing Uavel 
along the shortest spiral# to the outlet. The 
rr-auliaiu w f the Centrifugal force exerted by 
the disk and that corning from the velocity of 
the Steam con strains the fluid then to follow 
a longer spiral path. This reminds one of the 
counter K M F developed In the armature wind 
tugs of an electric motor opposing the impressed 
voltage. 

It is evident that the torque developed by the 
dNk increases with the difference in peripheral 
velocity of the disk and of the fluid in contact 
As in the analogous cage of the pump, in* torque 
rises us the square of the slip. When the shaft 
runs free, without load, the speed rises and the 
i cntrifugul counter force on the fluid, traveling 
in very K,ng spirals (almost concentric circles), 
would cause the casing pressure to rise nearly 
to the supply' pressure, the difference being only 
that required tu do the work of supplying energy 
louses. 

£u<*h a prime mover would give its maximum 
output at about 6UVt average slip, but the 
mum efficiency would come with a compu 
small slip, the actual figure depending upon Uu- 
fluld employed, on the wnrktug Condition*, and 
(in the mechanical limitations of design 
The greatest Interest in llto Tesla design, as 
outlined above, probably centers in Its applua- 
lloii to a heat motor, such as the Tesla strum 
turbine While a device like Fig. J would oper- 
ate with steam, It probably would be advisable 
for -obvious reasons to modify the mechanical 
features— for instance, to suppress the volut* 

pusnuge In the casing, coming down to the simple 
construction indicated in Fig 2. 

If the steam Is expanded in a diverging nestle 
it may be expanded over any of the usual range* 
of pressure drop, tho heat energy then being con- 
verted Into kinetic energy The high velocity 
steam escaping from th« posslr U caused to In.- 
pings tangentially on the edges of the disks is 
order to escape, it has to take a spiral path from 
the periphery of the disks to the oenter opening 
The velocity energy of the stsara Is utilised 
through the molecular drag on the surface of 
lln- disks With such a nossle it la seen that 
the machine is essentially of th« so-<#IW 
"impulse" type of turbine The arrange inettl 
shown in Fig 2 has a very aimpie and comea* 
lent means of reversing. It merely being neoss- 
aary to provide a duplicate nuzzle discharging 
against the opposite dUrneter of the disks *n4 
in the opposite direction. When the machiut Is 
at rest or runniug slowly, as in stalling. Ih* 
steam takeB a short path from the nozzle to lh» 
exhaust and develop* a comparatively larg* 
torque, since this would be proportion*! to t»« 
square of the difference in Velocity of steam sag 
disk Ah the machine speed* up the fllfleruiK* 


in velocity between steam and disk* dw-rt^s 
and the centrifugal force* tend to lengthen tfc* 
spiral path, so that a given quantity of iisao* 
may make several re voiu lions before finally pass- 
ing out the exhaust 

it is not necessary, however, to expend U« 
steam before It reaches the disks, and in pis* 
of thr nozzip* shown there may be simple ports 
The machine then apparently will operate as b 
reaction type of turbine, the steam expending as 
It flnwR In Its path from port to exhaust The 
expanding rfeam might develop a slight reactive 
thrust against the disk, hut It would depend 
probably more for Its Influence on the peculiar 
action of Increasing the velocity nf the steam 
In small Increments as 11 flows along, and ab- 
sorbing the kinetic energy as Taat as developed, 
In driving the disk, 

In Fig.* 3 and 4, a steam turbine tested at tho 
Waterside Rtatlon of the New York Edison Com- 
pany is shown. The rotor consists of 2C disks, 
IS Inches In diameter. The assembled unit, Fig. 
5, occupies a floor sp*ce some 20 x 35 ins. and 
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it glands some fl ft. high 
The numerous gages seen 
in Fig 3 were attached 
for test purposes With 
el enm at J2-V Jhs. gage 
and exhausting to atmos- 
phere, 200 HP. was de- 
veloped With a Speed of 
0.000 r. p. m. The 
steam consumption under 
these conditions was 
about 3P )hs. p PT HP.. hr 




FIG. 3. A 200-HP TESLA TURBINE WITH THE UPPER CASING SEC- 
TION REMOVED. 


FIG. 4. A 200-HP TESLA STEAM TURBINE AS TESTED AT THE 
WATERSIDE STATION OF THE NEW YORK EDISON CO. 


Mr Tesla states that with moderate superheat 
and the degree of vacuum ordinarily obtainable 
In a turbine plant, the consumption can he re- 
duced to JO or T2 lbs. per HP, -hr. The weight of 
the unit r* ehnwn was about 400 Jhs., giving a 
unit weight of 2 lbs. per HP. 

Through refinements in design In addition to 
the Increase of capacity secured with superheat 
and vacuum, Mr. Tesla expects that the weight 
may he reduced to as little ns ^-lb. per UP 
capacity and stlM allow of designs which will 
have rotational speeds )nw enough for direct 
connecting to the majority of services 

One of the interesting possibilities of the design 
nf turbine shown Is that of self- refills Mon. It 
has already been shown how the counter pressure 
due to the rota (ton of the disks amounted ncflrh 
to that nf tho tmpreseed fluid when running Idle 
Since the centrifugal hend Jncreasr* as the square 
of the tinmW of revolutions, and as with avail- 
able man-rials groat peripheral velocities of the 
disks are possible, a turbine may he designed 
which will not run away, the peripheral speed 
being limited to that value which corresponds to 
the maximum velocity of the fluid which can he 
developed. 

The main principle of design msv be use for 
Rn Internal ■< ombustfon motor. The small ma- 
chine shown in Fig 5 haa been operated with 
gasoils fuel burned In an auxiliary chamber 
and the products of combustion cooled by inject- 
ing steam or water spray. This gives a mixture 
nf superheated steam and gases which leave the 
combii'tlnn chamber under high pressure, but 
redm-ed In temperature an that they may be led 
directly to the disks, serving in the place of 
steam from a holler. The machine shown devel- 
oped 110 HP., ehd it is Hated (hat only the 
small sized shaft prevented pushing (he load 
higher. The products of combustion instead of 
being cooled by the formation of superheated 
■ team mnv be expanded In an Insulated nozzle 
tho temperature falling with the reduction In 
pressure and the incraaae !n velocity, At the 
exit of fhe non sle, the temperature could be suffi- 
ciently reduced so that the gases could be caused 
to impinge on the disks without Injuring them. 
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BLADELESS TURBINES. 

From a recent issue of the Seieniinc American 
it appears that Mr. Nikola Tesla has revived a 
method of steam-turbine construction which recalls 
one tried here some nine or ben years ago. The 
idea was patented by Mr. E. C. Thrupp in 1901. but 
Mr. D. J. Smith, of 58, Compton-street, E.C., 
informs us that at s still earlier date he assisted 
an Australian inventor to experiment with a similar 
type. The Tesla turbine is represented dia- 
grammatically by Figs. 1, 2, and 3, which we 
reproduce from the Seienfific American. As will 
be seen, its mechanical simplicity is extreme. 
The whole machine consist* of a series of 25 
thin discs 18 in. in diameter and ^ in, thick 
mounted side by side on a shaft, with a small 
clearance between them . Steam is admitted 
tangentially through a nozzle on the right, and 
after flowing through the interspaces between the 
discs, escapes at the centre, causing the rotor to 
rotate by its frictional drag on the discs. To reverse 
the direction of rotation, the nozzle on the right is 
closed, and that shown on the left opened. 

Mechanically nothing could be simpler, but un- 
fortunately this mechanical simplicity is purchased 
at the expense of hydraulic inefficiency, as any of the 
various inventors, who have experimented on the 
device, could have ascertained had they applied to 
someone with a competent knowledge of theoretical 
mechanics. That the system is likely to be defective 
in this respect is obvious from the consideration 
that in a perfect turbine the steam must expand 
adiabatically. Now, in turbines of the type under 
consideration, tbe whole impelling force is due to 
the fact that the fluid slides over tbe surfaces of 
the discs with friction, against which it does work, 
and this frictional work is returned to the steam as 
heat. The whole impulsion of the rotor accord- 
ingly is dependent on the wasting of work by 
friction, If there were no friction, tbe steam 
would expand adiabatically, but would do no work, 
whereas, in the case of an ordinary turbine, could 
adiabatic expansion be secured, the efficiency would 
be a maximum. It can be shown, in short, that 
the maximum possible hydraulic efficiency of Buch 
a turbine is 50 per cent., and any experiments 
showing a better result than this can safely be 
discarded, though some allowance may be neces- 
sary for the fact that an hydraulic efficiency of 
50 per cent, may, id » compound turbine, owing 
to the reheat factor, correspond to a somewhat 
higher thermodynamic efficiency, since the work 
wasted in friction at the high-pressure end of such 
a turbine is partially recoverable in subsequent 
stages. 

Obviously, the system of maintaining a motion 
and doing work by the frictional drag of a fluid is 
not confined to cases of rotation, and the mathe- 
maticalaspectof tbequestion is, perhaps, more simple 

P resented if we consider a case of rectilinear motion’. 

hus. suppose a stream of fluid moving at r ft. 
a second to lie discharged into a tank mounted on 
wheels. Let the latter at the outset be held fast, 
then, although the jet exercises a frictional drag on 
the tank, no work is done, since motion of the latter 
ia prevented. The frictional drag on the tank is 
equal to the momentum destroyed per second : or if 
W denote the weight discharged per second, the 




3ft. 


on the tank ib given by the relation T = — r. 
At the same time the kinetic energy destroyed 


per second is W 


2? 


Next assume the speed of 


the jet and the speed of the tank are both increased 
by the amount *. Then assuming, as before, that 
the fluid merely oollecte in the tank, the frictional 
drag U unaltered, since the fluid enters with an 
absolute velocity r + i, and remains there with 
an absolute velocity a, Hence the frictional drag 

impelling the tank iB again T * — c, and the 
useful work done per second in propelling the tank 


The kinetic energy supplied by the jet is now, how- 

«r.»fc+A 

9 2 

Henoe the efficiency of the device is 
W W (r_+_i) s _ 2 vt 
ff g 2 fv + »? 

By differentiation, it is easily seen that this is a 
maximum when r ~ *, in which case the efficiency 
is Finally, let the speed of the jet be still 
farther increased by an amount y, whilst the speed 
of the tank remains constant at s. The fluid is 
now delivered from the tank with an absolute velo- 
city * + y, and a relative velocity y. The case, 
therefore, is exactly analogous to the Tesla turbine. 
The frictional drag remains the same as before — 
W W 

riz., T~ v, and the work done is still r s. 

9 9 

The kinetic energy supplied is now, however. 

so that the efficiency is ■ 2t 3 - , 
(r-M+y)* 
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The Tesla Steam Turbine 

A STEP TOWARD THE MAXIMUM ATTAINABLE EFFICIENCY OF A MOTOR OF 

THE STEAM TURBINE. TYPE 
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which is less than when the whole of the fluid 
remained, and moved with the tank. In that case 
the maximum possible hydraulic efficiency was 50 per 
cent. . so that when the fluid is delivered as it is in 
the case of the Tesla turbine, the hydraulic efficiency 
must be less than 4. Of course, the motion in the 
latter is not rectilinear, but the argument above set 
forth applies identically, if for linear momentum 
we substitute moment of momentum, for frictional 
drag frictional torque, and for linear velocity an- 
gular velocity. 

To make an efficient turbine of the devic* it 
would be necessary to provide vanes. We should 
then get a construction analogous to the “Jumbo ” 
turbiDe patented and experimented with by Sir 
Charles Parsons many years ago. This was aban- 
doned because it was found that any solid particles 
which might accidentally get into the turbine were 
kept in a constant state of flux between the rotor 
and the standing portion of the machine. They were 
carried in with the (steam and flung out again by 
the centrifugal force, and the wear was consequently 
excessive. 




C ONSIDERABLE interest has 
been taken by the scientific 
press in the latest invention 
which Mr. Nikola Tesla has placed 
before the public. Mr. Tesla’s name 
will always be connected with the 
contributions he has made toward the 
advancement of electrical science, but 
it must be remembered that his train- 
ing and inclinations have always 
been toward the “steam engineering 
branch of mechanical engineering; 
The result of several years’ practical 
experiments in improvements in ther- 
mo-dynamic conversion is found in an 
entirely new form of prime mover 
now in operation at the Waterside 
Station of the New York Edison 
Company. 

“A brief description of Tesla’s 
steam turbine,” the Scientific Amer- 
ican says, “consists of a set of flat 
steel disks mounted on a shaft and ro- 
tating within a casing, the steam en- 
tering with high velocity at the peri- 
phery of the disks, flowing between 
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them in free spiral paths, and finally 
escaping through exhaust ports at 
their center. Instead of developing 
the energy of the steam by pressure, 
reaction, or impact, on a series of 
blades or vanes, Tesla depends upon 
the fluid properties of adhesion and 
viscosity — the attraction of the steam 
to the faces of the disks and the re- 
sistance of its particles to molecular 
separation combining in transmitting 
the velocity energy of the motive 
fluid, steam or water, to the plates 
and the shaft.” 

The actual operation of the turbine 
is described by the Engineering News 
as follows : — 

“If the steam is expanded in a di- 
verging nozzle, it may be expanded 
over any of the usual ranges of pres- 
sure drop, the heat energy then being 
converted into kinetic energy. The 
high velocity steam escaping from 
the nozzle is caused to impinge tan- 
gentially on the edges of the disks. In 
order to escape, it has to take a spiral 
path from the periphery of the disks 
to the center openings. The velocity 
energy of the steam is utilized 
through the molecular drag on the 
surface of the disks. With such a 
nozzle it is seen that the machine is 
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essentially of the so-called ‘impulse’ 
type of turbine. The arrangement 
shown in Fig. 1 has a very simple and 
convenient means of reversing, it 
merely being necessary to provide a 
duplicate nozzle discharging against 
the opposite diameter of the disks 
and in the opposite direction. When 
the machine is at rest or running 
slowly, as in starting, the steam takes 

a short path from the nozzle to the 
exhaust and develops a comparatively 
large torque, since this would be pro- 
portional to the square of the differ- 
ence in velocity of steam and disk. As 
the machine speeds up, the difference 

in velocity between steam and disks 
decreases and the centrifugal forces 
tend to lengthen the spiral path, so 
that a given quantity of steam may 
make several revolutions before final- 
ly passing out the exhaust.” 

In Figure 2, a steam turbine tested 
at the Waterside Station of the 
New York Edison Company is shown. 
The rotor consists of 25 disks, 18 


inches in diameter. The assembled 
unit occupies a floor space some 
20 X 35 inches and it stands some 5 
feet high. With steam at 125 lbs. 
gage and exhausting to atmosphere, 
200 H.P. was developed with a speed 
of 9,000 r. p. m. The steam consump- 
tion under these conditions was about 
38 lbs. per H.P.-hr. Mr. Tesla states 
that with moderate superheat and the 
degree of vacuum ordinarily obtain- 
able in a turbine plant, the consump- 
tion can be reduced to 10 or 12 lbs. 
per H.P.-hr. The weight of the unit 
as shown was about 400 lbs., giving 
a unit w'eight of 2 lbs. per H.P. 

Through refinements in design in 
addition to the increase of capacity 
secured with superheat and vacuum, 
Mr. Tesla expects that the weight 
may be reduced to as little as 14 -lb. 
per H.P. capacity and still allow of 
designs wdiich will have rotational 
speeds low enough for direct connect- 
ing to the majority of services. 

One of the interesting possibilities 
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of the design of turbine shown is that 
22 of self-regulation. It has already 

been shown how the counter pressure 
due to the rotation of the disks 
amounted nearly to that of the im- 
pressed fluid when running idle. 
Since the centrifugal head increases 
as the square of the number of revo- 
lutions, and as with available mate- 
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THEORY OF THE TESLA TURBINE. 

In our issue of November 10, 1911, we gave a 
short account of the Tesla turbine, and showed 
that even under ideal conditions the hydraulic ; 
efticieucy of a turbine of this kiod cannot possibly 
exceed 50 per cent. In a paper published last 
June in the Rente de Mecanique, and since repro- 
duced in a number of the French technical journals, 
Professor E. Merigeault, of the Ecole Rationale 
dee Mines de St. Etienne, combat* this conclusion, ! 
maintaining the contrary view, that the efficiency [ 
may be very high, and will be the higher the j 
higher the friction ' This extraordinary conclusion : 
is arrived at in an article with numerous equations ! 
occupying in al! over seven pages of the journal in ! 
which it appeared. Nevertheless it merely demon- 
strates once more that the value of the result finally 
delivered by the mathematical process depends en- 
tirely oil the legitimacy of the original hypotheses 
to which it is applied. It is here that Professor 
Merigoault has gone wrong, and as his results are 
being quoted by those who are apparently too 
impressed with his analysis to venture to ques- 
tion his premises, it may be well if t we point 
out exactly the nature of the fundamental error 
serving as the basis for his mathematical super- 


constitutea the moving element, aDd is to be 
coupled in any appropriate manner to the machine 
to be driven. Falling to the bottom of this pipe, 
the water travels on, its velocity being continually 
reduced by the friction until it finally escapes at 
the outer edge as indicated. The frictional drag 
between the water and the pipe provides the force 
necessary to overcome the resistance of the machine 
driven. In the conditions stated the pressure of 
the fluid is atmospheric at both ends of E, which 
is, in fact, traversed without change of preasure, 
the energy required to drive it being obtained at 
the expense of the kinetic energy of the jet. 

The efficiency of this device is easily calculated. 
I set r„ be the absolute velocity of the fluid as it 
issues from D, and r, its final absolute velocity as 
delivered at the further end of the pipe E. Then 
if W be the weight of the water discharged per 
second, the change of momentum effected per 

second by the friction of the pipe is - r^. 

<7 

Heuce the force F, which has acted on the fluid 
so as to change its momentum by this amount, 
is F = ^ (r„ — r t ), and since action and reaction 
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structure. To clarify ideas, we reproduce from j 
Engineering. ioc. c-if. xujoa, three views illus- ‘ 
traiing the construction of the Tesla turbine. It ; 
consists of a series of twenty-five discs, 18 in. in dia- ; 
meter, mounted side by sidB on a shaft and having 
a small clearance between them. Steam is admitted • 
tauL'entially by the nozzle on the right, and flowing • 
through the interspace between the discs, finally ! 
escapes at the centre, carrying the rotor round by ; 
its frictional drag on the surface of the discs. The j 
appliance is. it will be seen, a true turbine. The j 
potential energy of the steam is converted into j 
kinetic energy, and this, again, into useful work, i 
The steam enters the moving element at a high i 
speed, and passing through it without change of. 
pressure, is delivered at a reduced velocity at the 
inner periphery. | 

The mechanical analogue on which Professor j 
Mengeault bases his reasoning satisfies none of j 
these" conditions. It is not merely not analogous j 
to the Tesla turbine, but is not analogous to any 
turbine of any kind, but to a pressure engine. He 
assumes, in fact, that the Tesla turbine caD, for the 
purpose of mathematical treatment, be replaced by , 
the tank A, fixed pipe B, and moving pipe C. The , 
latter is supposed to slide without friction and 
without leakage in the horizontal part of B, aud ; 
to be connected in any suitable way to the toecha- , 
msm to be driven. The pipe B may, for the pur- 
pose of argument, be considered frictionless, while 
C is a rough pipe. As the water flows through C, 
the frictional drag on it* rough walls provides the , 
foice needed to drive the mechanism to which it | 
is supposed to be connected. Then by a aeries ! 
of equations Professor Merigeault demonstrates 
that the higher the friction between the water and : 
the wall of the moving element the greater is the j 
efficiency of the appliance. This, however, is f 
sufficiently obvious without any mathematics at all. i 
Assume, for example, that the friction is so great' 
that there is no slip V>tween the moving water and i 
the wall. The two will therefore move together! 
exactly as if C were closed with a solid plug, and ( 
the efficiency then is unity. The appliance has, ■ 
however, at the same time become a water-pressure 
engine of a very common type. 

If. without going to the extreme of assuming no ’ 
slip between the fluid and the walls, we admit that 
slip exists, we are obviously working in the same 
condition as if the pipe C were smooth, but closed 
with a leaky plug, and the efficiency will obviously 
be smaller the greater the slip or the greater the 
leakage. In short, Professor Mengeault’s analogue 
is not a turbine at all, but a water- pressure 
engine with a leaky plunger, and obviously the 
efficiency will be higher the smaller the leakage — 
that is to say, the smaller the slip and the greater 
the friction. In fact, the fluid passes through 
his moving element without change of velocity, but 
merely with change of pressure. The true analogy 
to the Teela turbine is represented in Fig 6, where 
a jet of water issuing from a nozzle D enters a 
pipe E sliding without friction in the sleeve F. 
As in Professor Merigeault's analogue, the pipe E 



are equal and opposite, this is also the propelling 
force which acts on the pipe, Hence, if the latter 
moves at the speed s, the useful work done per 

second will be F s - — (r 0 - rj *. 

(j 

Now tj must always be greater than i, or the 
water could not escape from the delivery end. 
Assume that in the limit it may be equal to j, a 
condition which can be approximated to by using 
a sufficiently large pipe. Then, in this limiting 

condition, the useful work done is - - (r„ - .<) *, 
9 

which is easily seen to be a maximum when 
s = - n . Adopting this value, the useful work done 


becomes 


W ry 
4 g 


, whilst the kinetic energy expended 


i s TLFa. Hence, in the stated limiting condition 

2 9 

of r, = *, the maximum possible efficiency is 50 per 
cent. That the efficiency will be "reduced if r, is 
equal to a is easily showD as follows : — Keeping a 
constant, assume r 0 to be increased to t,, 1 = r ( , 4- y. 
Then, by reducing the length of the pipe to com- 
pensate for the increase of friction with the in- 
creased velocity, we can make fj 1 = Tj + y = » + y, 
since tq was equal to a. 


Hence the propelling force acting on E is now 



or exactly the same as before. 

Hence, « being constant, the useful work done is 
also exactly the same as before, but the energy 
expended has gone up from 

W_r„< 60 W 

2 y 2y 


rials great peripheral velocities of 
the disks are possible, a turbine may 
be designed which will not run away, 
the peripheral speed being limited to 
that value which corresponds to the 
maximum velocity of the fluid which 
can be developed. 


4=3 


The efficiency is therefore reduced by makiDg r, 
greater than 1 . It cannot be less than s, or the 
fluid could not escape, and since, when it has a 
limiting value equal to j the efficiency is only 
50 per cent., the hydraulic efficiency of any turbine 
of the Teela type must in practice be lees than 
60 per cent. 

As stated, the Teela turbine is of the impulse 
type. It hardly seems feasible to construct a 
reaction turbine operating by frictional drag, but 
were it possible to do this, the efficiency would 
be even lower than it is with the impulse form. 
The frictional drag and the reaction of the jet 
would, in a reaction machine, act in opposite direc- 
tions and mutually oppose each other. 
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“ THEORY OF THE TESLA TURBINE.” 

To ihi Editor of Enginixrin'g. 

?rs. — I would like to point out oertain flaws in the 
argument of last week on the Teela turbine. Although 
the professor vou mentioned u-ted a very bad analogue 
to illustrate hia work on tbe subject, and your analogue ia 
slightly better than hia, neither 0 / you have got down to 
the bed rock of the whole matter. 

You will see what I mean directly you consider the 
-KWsibilitiee of allowing the exhaust water from your 
moving pipe to go into a second moving pipe, and so on. 

It then becomes obvious that by having tbe first pipe 
move nearly as fast as the water irom the nozzle, and the 
second pipe move nearly as fast as the first pipe, and so 
on. that a much higher efficiency than 50 per cent, is 
possible with such a system. Now, this action is almost 
a true analogue of what happens in the Teela turbine (I 
will show later the respect in which it differs from it), for 
in the Teela turbine we have high velocity liquid firstly 
giving up a small part of its energy to the outer parts 
of the (liaca. anil then gradually moving to the inner 
pare- -if the discs, which, uf coura-j, have a em-dler ciremn- 
fenuuial velocity than the outer parts. So far aa tne 
motion of liquid between the discs is concerned, we ■ 
" may " say that we have elemental rings of liquid which 
are gradually shrinking in radius, and which have each 
of them a “ circulation ” or a moment of momentum 
(angular momentum) which is being gradually given up 
to tbe discs. 

Now we come to an important difference between tbe 
above analogue and the action of the Tesla turbine. 
Every engineer knows that if we have a cylinder of liquid 
rotating on an axis, that the pressure of the liquid is 
greater n-*r the walls of tbe cylinder than at a pomt on 
tbe axis ; he would explain it by saying that "the cen- 
trifugal force on the liquid causae it,” aril, of course, he 
i» quite right. Now it cannot be difficult to aee that if 
we have an elemental ring of liquid *' circulating” (we 
will sav. for argument’s stke, circulating in a hollow 
annulus which envelope -it), and if such ring be lessened 
in radius by some exterior means (say tbe hollow annulus 
is elastic, and that it contract* in radius), then work 
muat have been done on the rmg of liquid by the extenor 
means ; in fact, tbe work liny be said to be done "against 
the centrifugal force.” Tbe ring of moving liquid must, 
therefore, have gained in kinetic energy ; as a matter of 
fact, tbe circumferential velocity ef tbe liquid composing 
the ring is now greater than it was before, the law being 
that r * 1 , where v is the circumferential velocity of 

the liquid, and r is the radius of tbe ring of it. (Tbo6e 
who have studied hydrodynamics will, of course, say that 
they knew this before, when I tell them that it is merely 
a case of the "conservation of the velocity potential of 
tbe circuit.") This consideration makes it quite obvious 
that 111 the Tesla turbine there is a lot of energy trans- 
ferred to the discs which was not initially kinetic energy 
at the outer periphery of the rotor, and that the pressure 
of tbe liquid entering the outer parts of tbe discs must be 
considerably greater than tbe exhaust preasure. The 
analogue which I mentioned is therefore incomplete, m 
that it has no action analogous to this last mentioned 
action. 

Yours faithfully, 

Waltor C. M. PrrrrsGiLL, B.Sc. 

47, Francis road, Edgbaaton, Birmingham, 

April 19, 1915. 

[We are not quit* certain, from our correspondent’s 
letter, whether he does or does not contend that the 
limiting efficiency of a radial-flow friction -driven turbine 
is greater than that of the axial flow analogue adopted in 
the article criticised. As a matter of fact, it is not diffi 
cult to show that the limit of efficiency is the time in 
both case*. _ . . . . 

In what follows, we shall assume the fluid to be in- 
compressible, and will Deglect the head neo***wiri]y 
expended in accelerating the radial velocity of fl iw. 
Then in anv vortex tbe energy lost by 1 lb, of fluid in 
crossing an annulus of breadth A r and mean radios r ia 


In tne case of a free circular vortex the total energy 
of the fluid is the same at all radii, and the above expres- 
sion is equal to zero. 

In a Teel* turbine we must equate this expenditure 
of energy to the work done in the annulus, both useful 
and wanted Hence we get 


" '* " A - * A r = ril, 

<j Hr Ty 

where / ( r - j)" denotes the frictional resistance opmsing 
motion. * is the velocity of the disc aurf&oe at radius r 


and ri( is tbe distanoe moved tangentiallv by tbe fluid 
whilst crossing the annulus. Noting that ^ia tbe radial 

velocity, and 1 = r u, where <*> is the angular velocity of 
the discs, the above equation can be integrated when n — 1. 
Tbe result is, however, too complicated to be convenient, 
and is unneceaoary for our preeent pnrpoee. 

The useful work done ie obviously 
f(v - »)««. 

This will be larger the smaller « is. For fluid friction the 
least poeeible value of n is unity, in which caae the flow ig 
viscous. This fact showB the advantage of keeping tbe 
interspace between the discs very small, so as to dampout 
turbulence. With n= l the useful work will be a maxidi’um 

when « is -, in which case tbe efficiency of the snnuius is 
_ U»* ful work done i n annulus 
^ - Energy expended in annulus 
= /!*—*)* 

M*' - i)r 

,1 

4 , , r . 

= — r = l when 1 = — 
i- 3 

2 

Hence, assuming it to be possible that the surface speed 
of the disc at each radios is one- half the fluid velocity, the 
total efficiency will have the limiting value of 0.5, tbe 
useful work done iD each Boooeeeire annulus being then 
ooe-half the energy accounted for in that annulus. 

Of course, with an elastic fluid the reheat factor must 
be borne in mind, an hydraulic efficiency of 0.6 being 
equivalent to an efficiency ratio of about 0.M5. 

It is of some interest to note that if tbe friction were 
"solid friction.” and tbns independent of the relative 
velocity cf motion, the turbine might have nearly unit 
efficiency by making the diaoe ao tough that there was 
no slip, and at tbe aame time making the ratio of tbu 
outer to the inner periphery very large. — Ed. K.) 
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“THEORY OF THE TESLA TURBINE.” 
To tux Editor of Ewoinxxrino. 

Sir,— W ith reference to your editorial note on my 
letter in your issue of April 30. I am quite in agreement 
with your differential equations (in fact, your statement, 
I r = 0 for a free circular vortex leads 


g dr ry 

on integration to a previous statement of mine that r « - 


for a free circular vortex) ; but I would point oat, with 
all due respect, that although the 50 per oent. limit you 
mention is true for either your analogue or for ring dries 
in which tbe outer periphery is only slightly greater 
than the inner periphery, it is “not ” true when the ratio 
between the peripheries is considerable (say 3 bo 1). I 
did not give tbe full solution in my letter, because I think 
it is poeeible to form a jjood conception of the action 
without mathematics. Suppose it panted (aa you 
suggest) that we have a turbine in which there is a 60 per 
cent, slip all through, my comment on such a case is 
that tbe efficiency would he improved by baviog more 
discs, and these closer together, and by allowing tbe rotor 
to run at a higher speed. 

However, on integrating the equation you mention 
when n = 1. we have the circomf eren > lal velocity 


+ + a . - . M2*' 5 ). 


where A is an arbitrary constant, k is the radial velocity 
of the water towards the centre at a radius of 1 ft ,/ » 
the friction of lib. of water when moving through the 
plates at 1 ft. per second, and « is the angular velocity 
of tbe rotor. Due to inoompreeeibility of the water, 
we can also write radial velocity towardo oentre u 


dr 
d t 


and the flux of water per second = 2 r i p (where p is tbe 
density) for unit width of the flow. 

This* shows as a poeeible oase (when A ia iero) — 

Of r 


Of course (r-wr) is slip at radius r, and sinoe 

u = L, we see that in this case a fluid particle describes 
r 

" on tbe plates ” an equiangular spiral, which ia certainly 
interesting. 

This being a fairly simple caae, let us see what is tbe 
correeponding efficiency when the outer periphery = R, 

and the inner periphery = y. 


The torque transmitted to tbe rotor equals tbe angular 
momentum of liquid coming in per second minus the 
angular momentum of liquid going out at the exhaust per 
second : 


torque = ^ ^ P { R K 


2 kw 1 \ 

‘ R/‘ 


R 

3 


? k S 

V.' 


= IG t r_i- p vR'J 

a 0 

Hence the energy per second transmitted to the rotor 


_ 16 WporiRs 
y *~ n 

The kinetic energy of incoming water per seoond is : — 

1 4 . 2 i“. 1 y, 

2 g \ g j R / 

which, if k is small in comparison with other quantities, 
practically equals 

Tip UltRt 
0 

We will m-w find the potential energy pier second. 
Fres-iuri. at inlet 6»K*ve atusw>p>bcrit) is : — 
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r = \\i'V dr+ ' , \ 4 


but 

and 


I 4 2i IN 


ef u _ rf « ri r rf ti __ / *- ' / _ a \ 

5 t ~ d r ' u t - U fi r ~ \ r ) \ r- 


P _^f\ ^ 4 k 1 _ 4i = , 

*-T)i\'**r* ?>■•»)*' 


\ d r = — ^ I f dr (prMtie»13j, wben A- 

p J5 f » Ji 


u smxLl enough »o make other terms negligible), 

4 p w ! R 1 

“ il ‘ " — (practically, when I- is small enough 

to make other terms negligible). 


or 


Parl- 
or total incoming energy 


8 

9 ' 


r k 0 !*.■- R" 
p 


_ 17 T k p u*~ R- 

= y s 


when 1 is small enough in comparison with certain other 
quantities— a oondirion which unfortunately means 
making a large turbme for the power developed. 

Hence, nnlese we take into account the frictional 
loeees at the cawing of the turbine, which have not been 
previously mentioned, the efficiency may be nearly 

wben the ratio between the peripheries is 3 to 1. 

There is a way of getting rid of the friction at the 
enter casing, but, even so, I am not advocating the use 
of the turbme uniees in a greatly modified form. 

Yours faithfully, 

Waltib C. M. Prm.NGiLL. B.Se. 

47, Francis-road, Ed g bee ton, Birmingham, 

Kay 6, 1915. 

[In his interesting letter our correejwndent pointe out 
that if the constant of integration in the equation we 
gave is made zero. the Toela turbine may have a very 
high efficiency. On the other hand, we gave reasons for 
concluding that the efficiency of any particular annulua 
could not exceed 50 per cent., and hence that the efficiency 
of the whole disc could not exceed this limit. There is 
thus a discrepancy wbioh must be du* to a false assump- 
tion lomowboro. 

In our argument we assumed that the expenditure of 
energy in an annulus was independent of the speed of the 
disc. As an average, this is certainly true, since the 
energy expended is fixed solely by the initial and final 
conditions. 

Nevertheless, the distribution of the total energy over 
the different annuli will depend on the speed, and it 
is, perhaps, here that tbs origin of the diacrepancy is to 
be found. On the other band, to obtain our correepon- 
dent’a result, the constant A has to be zero, and not 
merely very small. Possibly there is a critical condition 
involved. It will be seeD that with A zero the actual 
motion of the fluid consists of Raokioe'e free vortex super- 
imposed on his forced vortex, the motion of the water 
relatively to the plates being a free vortex. 

If A has any sensible value, the conditions would 
appaar to be entirely altered, and the distribution of 
energy will apparently then depend almuet entirely on 
the term including this coefficient. Thii appears to be a 
conclusion fairly deducibie from the numerical magnitude 
of the quantities involved. 

Let us for ooDvenience of calculation take all quantities 
in the C.lx.S. system of unite, and conceive an anDulua 
of radios r, breadth .A r, and the thickneas 5. 

The total resistance suffered by the fluid in the 
anDulus is 

■ G (r-j)rir dynee per sq. cm., 


a being the viscosity. 

The total work done in the annulus in the time d i is 
therefore 

G ^ T (f - »1 r A r r d t, ergs. 


If \V be the weight passing por second, we have then 

Wdif* A r )ir= 6 .* ir f»-A) r A r i cl t. 

Putting t - vr this gives 

t-wa i ^ a T 

Sway r r 

For water the numerical value of a g nisv oe taken 
as 10. 

Suppose the plates to be 1 mm, apart, eo th.it c - 1 mm., 
and that the inner radius of the discs is 10 cm . and also 
that the radial velocity here is 75 cm. per second. Then 
W = 75 v 2 r < 10 x * = 75 * 2 r. 



Hence r = wr + - * . e ' r ~ 


It will be obvious that if A have itny sensible value 
whatever, the velocity in *ny annulus will be practically 
independent of w, since t~ T ~ is an enormous quantity. 
Kveu at the inner radius it is r 5 "", a number requiring 
nearly 9u digits to express. It was this fact that led us 
to ubaerve in giving the equation originally that it* 
integral wu< too complicated to be convenient. 

The head lost in passing from inlet edge to discharge 
edge is equal to 



Hence when A is not zero it is impracticable to evaluate 
it even by approximate integration. The problem, it is 
clear, requires further elucidation, but there seems no 
obvious method of solution applicable to the case of A 
greater than zero. Another point which arises is that in 
the case of a steam-turbine it is mechanically impossible 
to run the discs at the speed required to reduce A to 
zero. The rim velocity required for a condensing turbine 
would be of the order of 2»00 ft. per second.— E l>. E.j 
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Cardboard Blower VMs 
Like Tesla’s Lost Turbine 



By Walter E. Burton 

D KCADKS before skin friction l>e- 
Ljan to pester airplane designers, 
Nikola Tesla harnessed it to pro* 
dim* power. Tesla, the Croatian-horn 
em»in<*er who gave us alternating cur- 
rent and the induction motor, was after 
a more el!i< lent engine to spin his gen- 
erators. 

T he Tesla turbine had no buc kets or 
vanes on its rotor, but onlv a numtier of 
smooth disks closely spaced on a shaft 


TIKA OAf TURttKI required no oompreitor, 
but dre* in furl and air through ingenious 
opf-wiv conduits. Kiplosinn **i not contin- 
urrui, hot Tesia tlaimefl the tomburtion 
cycle wii fart enough to product a musical 
note, Kihamt created a partial vacuum that 
drew in a freth charge of fuel and air. 



TMtf MOMIMADI BLOWER, which deliver! • 
respectable air ttream on modest power, is 
hawd on the principle of Tesla > vuncless 
turbine. You can build it of cardboard. 


TRACI Off fufl-Wxe pattern* for dick* and hotkw 
iyyg cods frara thii dnrwiwa* To vwt dbk« with 
tamptM. bond it* pohit And wtrio dk for bUdo 
so that both art vertical when lajp spaa ftt". 
damp If poss i ble. Ftmch V* * shaft hole Hrtt 
Slip this on tha dowet ooverfag eh* eoaapatt 
potnl, aaad sat bite hob in ba«*. Cat part way 
through Etm* aaa skla ( then Hip over. 


T in power jet \v;»s dirrtfed uuaiifst the 
ed'jrs cl the disks r\h;mstiu*i thn«U»ll 
Ij It s in tlieni lie. ii‘ the sh.tft 

It tror^-.t r?< ft /i/oH7»r. I sine the* s.liiir 
disk i' t'T \mi f ;in build a rjuiet ellett- 
oe little M<*wrr It VS i M ventilate ,i dark* 
ronni cool eleetronie nr proje< tinn erpiip* 
men! <t dry negatives, photo prints, or 
paintf tl objects. 

Made of cardboard the blown shown 
produced a moderately strum: breeze 
when mounted on a 1/30-hp. motor that 
runs at i TIT r.p.m. It hulls air off the 



A C ASK nr CUTTER makes short vonk of I lie |!> 
disks. The shaft hole must be ;nt match mi- 
iiTcd, (I sou use a compass, as in (be dec*, 
ing. punch the tenter mid swing the cut trout it. 
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POTDra / 
DfSK 


HOUSING INTA-kg - \ 

OPENING \ 

\ 
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■** O^K 


X 'I 

\ ./ 


SP*t’N& WA.«,Hf QS 

sr tw? tM msKS 


rims of its hhtdcx, drawing it in through 
tin* holes that srrve as exhaust ports 

Vavrerhoune in a hni. Tesla s first 
model vs as so small and lijdit for its out- 
put as to be a "|x>wtTliouse in a hat." 
Built in lamit Island in 1U0B. it weighed 
less than 10 IBs., was about six inches 
in its greatest dimension, and developed 
30 lip when connoted to a sourer* of 
compressed air. 

Its rotor consisted of eight flat metal 
disks ft" in diameter, spaced 1/12" apart 
on a l" shaft. The housing had to !>e 
\/ft\" bigger inside than the disks, for 
they expanded almost that much at their 
top speed of 35.000 r.p m 

lllotetotch turbine. To dispense with 
the Ixnler. Tesla adapted his idea to an 
intern. d-combustum turbine shown in 
t Ik* drawing on page 230 from a 35- \ < ar- 
old coiitcinporurx mag.t/ine. By tin* use 
of one-way ixniduits of his own design, 
Tesla achieved a pulse-jet effect fast 
enough to produce ecmtmnous rotation. 

Hipper Te*ln itr’nm #fir//inej» were also 
Built One math* in 1011 turned up 1J0 
hp with, disks onK 10" in diameter. But 
a 500-kw generating unit with 00" disks 
suffered 1 ' from metal fatigue and other 
ills that ln*set all turbines. 

Because other turbines vvr*re already 
highly developed, it xv as bypassed I\x* 
ee])t fur use in an early auto sjieed- 
orncter, 'in which a driven disk partly 
rotated a spring-loaded our placed close 
to it. the principle has lain dormant. km> 



AIK INIIT NOUS are bent cut with a punch WOWIR SHAFT shown whs turned to (it a small 

like- thin, but tan lx* made with a ra/or Made. motor. For an experimcntol srtup. clamp thr 

tlK-rn out on erne disk, cut out, and use it disks on a '/«" bolt with the head cut off Chuc k 

as a guide for ipacing holes in the others. in an electric drill or a drill press. 


<1 H 

V.J 


FT* 








STACK ROTOK DISKS with all JVC intake holes CUT INTAKI HOII in thr center of cash turns- 

aLiem’d. A cardboard waslcer, «mall enough not ing end. (due and tape a l T *"-svidc strip hr- 

to nlotk theie. gooi between each two disks. twrrn them. Tin-can brackets arc meted to 

Sandpaper cdl *n> burrs or ragged edge*. inside housing end and bolted to the motor. 
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VORTEX GAS TURBINE 

William 15, McLean, 510 Lexington St., China Lake, 

CaliL, assignor of fifty percent to Waiter G. Finch, 

Baltimore, Kid. 

Filed July 6, 1960, Ser.No. 41,147 
6 Claims. (CL 60—39.75) 

This invention relates generally to power plants, and 
more particularly it pertains to gas turbines of a continu- 
ous combustion type. 

In 1903, Nikola Tesla developed a novel type of steam 
turbine, for which he was granted U.S. Patent No, 1,061,- 
206, on May 6, 1913. The Tesla type turbine as a gas 
pump and as a gas motor has the advantage of simplicity 
of construction and the possibility of using materials 
which could not be incorporated into the blade structure 
of a normal gas turbine. 

The principles for operation of a continuous combus- 
tion turbine are well known. Such a turbine essentially 
consists of a serial connection of a compressor element, 
and a motor element between which combustion gases are 
formed which drive the elements and provide useful out- 
put power. 

An object of this invention, therefore, is to provide a 
simple axial inlet and discharge gas turbine in which the 
combustion of the fuel mixture takes place remotely of the 
blades for easy starting and stability of burning over a 
wide variation of flow rates. 

Another object of the present invention is to provide a 
gas turbine power plant of the Tesla disk type having sep- 
arate circular disk chambers, and a circular combustion 
chamber therebetween intercoupled by tangential passages. 

Another object of this invention is to provide a vortex 
combustion chamber for a gas turbine which requires no 
additional moving parts. 

Still another object of this invention is to provide a gas 
turbine having separate compressor and motor elements, 
and a separate combustion chamber, whereby the back 
pressure thereof can be arranged for the best efficiency. 

And another object of the invention is to provide a 
Tesla turbine with refractory blades and a remote combus- 
tion chamber, premitting high combustion temperatures 
to be used with consequent high operating efficiency. 

And yet another object of the invention is to provide a 
unitary rotor gas turbine utilizing centrifugal feed, centri- 
petal discharge of a medium for a vortex type combustion 
chamber. 

These and other objects and attendant advantages of this 
invention will become more readily apparent and under- 
stood from the accompanying specification and single 
sheet of drawings in which; 

FIG. 1 is a longitudinal section drawing of a vortex 
gas turbine incorporating features of this invention; 

FIG. 2 is a cross section taken along line 2 — 2 of FIG. 
1; and 

FIG. 3 is a cross section taken along line 3 — 3 of FIG. 1. 

Referring now to the details of the drawings in FIG. 1, 
there is shown generally a vortex type gas -turbine arrange- 
ment 10. This vortex type gas turbine arrangement 10 
consists of a novel combination of a turbine 14, a pump 
12, and a vortex combustion chamber 16. 

The pump 12 and turbine 14 each consist of a series of 
equally spaced flat disks 18 and 20 with central openings 
22 and 24, respectively, carried on a common shaft 26. 

These disks 18 and 20 are arranged to rotate freely in 
a closely encompassing cylindrical chamber 28, with the 
shaft 26 being supported on suitable bearings (not shown). 
The disks 18 and 20 are attached by means of bolts 32 and 
34, respectively, to a solid barrier plate 30 secured (to or 
integrally formed with the shaft 26. The disks 18 and 
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20 are maintained in spaced relationship by collars 33 and 
35, respectively, located between each pair of adjacent 
disks. 

As the shaft 26 rotates, an oxidizer gas is drawn into the 
5 pump 12 along the shaft 26 through an intake port 36 by 
viscous friction and centrifugal force emparted by the 
disks 18. The oxidizer gas, in this case, air, is forced 
through an opening 38 which communicates tangentially 
from the periphery of the disks 18 into the combustion 
10 chamber 16. as best illustrated in FIG. 2. 

The combustion chamber 16 is of cylindrical shape. 
The opening 38 enters the combustion chamber 36 in 
tangential relationship, preferably reversed or crossed 
over as shown so that the arrows depicting air flow in the 
15 chambers 28 and 16 rotate in opposite directions. 

As shown best in FIG. 1, the air in the chamber 16 will 
have a spiral motion. Combustible fuel is injected in the 
air stream, preferably axially and near the upstream end 
of the chamber 16, through a jet 40. The air fuel mixture 
20 is ignited by suitable means, such as a spark plug (not 
shown) or the fuel and oxidizer gas may be of the hyper- 
gollic type requiring no ignition means. 

In any case, the combustion of the air fuel mixture is 
in the form of a vortex sheet as the air or oxidizer gas 
25 enters through the opening 38 and meets and bums the 
fuel injected by the jet 40. The expanded gas or prod- 
ucts of combustion leaves the chamber 16 by a second 
tangential opening 42 as shown by the arrows in FIG. 3 
and impinge in centripetal fashion against the disks 20 of 
30 turbine 14 in their direction of rotation. 

By reason of its expansion, the gas or products of com- 
bustion flowing into turbine 14, will have greater energy 
than the air entering through the pump 12. This ex- 
panded gas causes the disks 20 to continue to rotate and 
35 the gas, with its energy expended, leaves the turbine 
through an exhaust port 44 located concentrically with the 
shaft 26. The Tesla type turbine 14 will reach its max- 
imum operating efficiency when the rotating speed is suffi- 
ciently high to produce a back pressure equal to about 
40 half of the inlet pressure. A measure of control is here 
provided by varying the number of disks 18 and 20, and, 
therefore, the relative sizes of the pump 12 and turbine 
14. It will be noted this in no way changes the size of 
the combustion chamber 16. 

45 A greater number of disks 20 are used in the turbine 
14 than disks 18 in the pump 12, and, therefore, the torque 
developed by the out-flowing gas will be greater than the 
torque required to rotate the disks 18 which are pumping 
the incoming air. Also, because the peripheral speeds 
60 of the pump 12 and turbine 14 are the same, the pressure 
drop across the small gap between the barrier plate 30 
and the wall 46 of the chamber 28 will be small and leak- 
age by this path will be insignificant. Useful power is 
taken off by suitable connection to the shaft 26. 

55 It will occur to those skilled in the art that by choosing 
refractory metals or ceramics for the simple disks 18 and 
20, passages or openings 36, 38, 42, and 44 and chambers 
16 and 28, higher temperature operation is permissible 
without the expense and difficulty of elaborate fabrica- 
60 lion of buckets and fins. Further, the simple rotary 
structure of the turbine arrangement permits higher speed 
operation of the turbine 12 and pump 14. Either tech- 
nique increases the horsepower output per pound of weight 
of the operating of the turbine arrangement, a very im- 
portant factor in present flying vehicles. 

It is to be noted that the disks 20 of the turbine 14 
can be flat plates formed of flat, punched sheets of tan- 
talum or tungsten. Tantalum disks 20 will allow the 
rotor to run at high speeds, whereas tungsten or ceramic 
disks will permit high temperature operation. The 
turbine 14 will reach its maximum efficiency when the 
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rotating speed of the rotor is sufficiently high to produce 
a back pressure equal to about half of the inlet pressure. 
Also, tile vortex combination chamber 16, as designed, 
has great stability of burning of the air-fuel mixture over 
a wide variation in flow rates and pressures, which facili- s 
lates the easy starting of the turbine arrangement 10. 

Obviously many modifications and variations of the 
present invention are possible in light of the above teach- 
ings. It is, therefore, to be understood that within the 
scope of tlie appended claims the invention may be prac- io 
ticed otherwise than as specifically described. 

What is claimed is: 

1. A gas turbine, comprising, structure having a pair 
of laterally parallel spaced cylindrical shaped co-extensive 
chambers therein, one of said chambers having an inlet 15 
port for an oxidizer medium and an outlet port for ex- 
haust gases arranged at opposite ends thereof, integral 
rotary means including a shaft extending through said in- 
let and outlet ports and having equally spaced equally 
sized disks positioned transversely along the longitudinal 20 
axis thereof and having central openings therein, together 
with a barrier element for dividing said one chamber into 

a pump section and a turbine section, with the number of 
said disks in said turbine section being greater than the 
number of said disks in said pump section, means for 25 
maintaining said disks in equally spaced relationship in 
said pump and turbine sections, said disks and barrier cle- 
ment being of circular shape and of slightly smaller dia- 
meter than said one chamber, said structure having a first 
passageway tangentially connecting said pump section to 50 
said second chamber and an other passageway tangential- 
ly connecting said turbine section to said other chamber 
and being arranged in a reversed direction from said first 
passageway and spaced along the longitudinal axis of said 
structure from said first mentioned passageway, and means J35 
for injecting fuel into said other chamber at the end there- 
of corresponding to said inlet port to said one chamber 
for mixing with said oxidizer medium to form a fuel 
mixture for burning thereof in said other chamber. 

2. A turbine as recited in claim 2 , wherein said disks 40 
in said pump section and turbine section are formed of 
refractory metals as well as ceramics. 

3. A turbine as recited in claim 1, wherein said disks in 
said pump section are formed of refractory metals, while 
said disks in said turbine section are formed of tantalum. 45 

4. A turbine as recited in claim 1, and means for ignit- 
ing the oxidizer-fuel mixture in said other chamber. 

5. A unitary rotor type gas turbine, comprising, struc- 
ture having a pair of laterally parallel spaced and co- 
extensive cylindrical chambers therein, one of said chain- o0 
bers having an inlet port for an oxidizer medium and an 
outlet port for exhaust gases arranged axially at opposite 
ends thereof, rotary means including a shaft extending 
through said inlet and outlet ports and having equally r 
spaced equally sized disks with central openings about 55 
said shaft positioned transversely along the longitudinal 
axis thereof, together with a barrier element for dividing 
said one chamber into a pump section and a turbine sec- 
tion, with the number of said disks in said turbine sec- 
tion being greater than the number of said disks in said co 


4 

pump section, means for maintaining said disks in equally 
spaced relationship in said pump and turbine sections, 
said disks and barrier being of slightly smaller diameter 
than said one chamber, said structure having at least one 
tangentially arranged passageway connecting said pump 
section to said other chamber and at least one other 
tangentially arranged passageway connecting said turbine 
section to said other chamber and being arranged in a 
reversed direction from said first mentioned tangentially 
arranged passageway between said pump section and said 
other chamber, and means for injecting fuel into said 
other chamber at the end thereof corresponding to said 
inlet port to said second chamber, whereby upon rotational 
movement of said rotary means, an oxidizer medium is 
drawn into said pump section through said inlet port 
and central openings of said disks and is forced by viscous 
friction and centrifugally feed outwardly through said 
tangentially arranged passageway between said pump sec- 
tion and other chamber where by vortex action, said 
oxidizer medium is mixed with the injected fuel to form 
fuel mixture, which upon ignition and burning thereof, the 
liberated expanding gases are drawn through said tangen- 
tially arranged passageway between said other chamber 
and turbine section to drive -said spaced disks therein by 
viscous friction, with said liberated exhaust gases being 
centripetically discharged between said disks in said turbine 
section to said outlet port thereof. 

6. A gas turbine, comprising, structure having a pair 
of laterally parallel spaced cylindrical shaped co-extensive 
chambers therein, one of said chambers having an inlet 
port for an oxidizer medium and an outlet port for exhaust 
gases arranged at opposite ends thereof, integral rotary 
means including a shaft extending through said inlet and 
outlet ports and having spaced disks positioned trans- 
versely along the longitudinal axis thereof and having 
central openings therein, together with a barrier element 
for dividing said one chamber into a pump section and a 
turbine section, means for maintaining said disks in 
spaced relationship in said pump and turbine sections, said 
structure having a first passageway tangentially connect- 
ing said pump section to said other chamber and a second 
passageway tangentially connecting said turbine section 
to said other chamber and being arranged in a reversed 
direction from said first passageway and spaced along the 
longitudinal axis of said structure from said first men- 
tioned passageway, and means for injecting fuel into said 
other chamber at the end thereof corresponding to said 
inlet port to said one chamber for mixing with said 
oxidizer to form a fuel mixture for burning thereof in 
said other chamber. 
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Laminar Flow Over an Enclosed 
Rotating Disk 


By S. L. SOO, 1 PRINCETON, N. J. 


Laminar flow over an enclosed rotating disk was studied 
to reduce the inconsistency between previous theoretical 
and experimental results. Unlike the case of a disk in an 
infinite fluid medium, the friction-moment coefficient of 
the enclosed disk is proportional to Re*" 1 in the laminar 
range and Re -1/4 in the turbulent range. The latter is 
accurate for the range of disk diameter to gap ratios be- 
tween 200 and 50. The former correlation, instead of being 
an approximation according to simple shear as has been 
suggested, is shown to be true even when recirculation 
exists. The deviation from Re" 1 relation in the laminar 
range is shown to he tine to the inertia effect of recircula- 
tion. The significance of inertia effects in addition to that 
due to centrifugal force has been pointed out and correc- 
tions have been presented. Radial outflow has been shown 
to be more effective than radial inflow for turbine-disk cool- 
ing, It has been shown that rotation of the shroud pro- 
vides an added sealing effect for a centrifugal machine. 

Nomenclature 

The following nomenclature is user! in the paper: 

a/ ~ coefficients in series expansion of IP 
A - Ibv 

h,., l) n ’ = coefficients in series expansion of V 
c.,, cj = coefficients in series expansion of l ’ 

C = constant of integration 
I) = diameter of disk, ft 
k s — friction-moment coefficient 
77i " net flow rate, slug /see 
.}[ = friction moment, ft-lb (one side) 
n — rpm 
p = pressure, psf 

r = radial co-ordinate or radius as defined, ft 
r s - disk radius, ft 

Re, = Reynolds number based on ccz,S v 
R*-. = Reynolds number based on wr, 5/ r or nr t z: v as stated 
u = radial coniponent of velocity, fps 
1’ — dimensionless velocity as defined 
r = peripheral coni])unent of velocity, fps 
P — dimensionless velocity :*s dWim’d 
'/ :i\i:il I'ninjionriit of velocity, ip** 

IE ~= dimensionless velocity as defined 
— axial co-ordinate, ft 
z : -, — gap between disk and housing, ft 
{ == dimensionless axial co-ordinate 
(b = 1 - S’ 

B = angle, rad 


1 Associate Professor of Mechanical Engineering, Princeton Uni- 
versity. Assoc. Mom. A S M E . 

Contributed by the Pluid Mechanics Committee of the Hydraulic?* 
IHvision and presented at the Semi-Annual Meeting, San Francisco, 
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Engineers. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors and not those 
of the Society. Manuscript- received at ASME Headquarters, 
March 4, 1957. Paper No. 57 — SA-2S. 


fj. = viscosity, lb/ft sec 

v — kinematic viscosity, ft 2 /sec 

p - density, slug/cu ft 

r — shear stress, lb/ft 2 

\p - stream function as defined, ft/sec 

co — angular velocity, rad /sec 

\ ", etc. = first, second, etc., derivatives of the variable with 
respect to s’ 


Introduction 

Studies of the problem of friction and heat transfer for a disk 
rotating in an infinite fluid medium already have been made 
thoroughly (1-6). 2 Experimental measurements of disk fric- 
tion in a finite housing have shown that the case of an enclosed 
disk is quite different from the case of a disk in an infinite medium, 
although many of the theoretical correlations follow' the trend of 
that for an infinite system (7-9). The study reported here wns 
made to obtain a better understanding of the phenomena asso- 
ciated with the enclosed rotating disk. 

Problems of importance in engineering which can be general- 
ized in the case of flow' over an enclosed rotating disk include 
windage losses, air cooling of turbine disks (10), pedestal bearings 
with center feed of lubricant (11), and leakage flow' over the 
shroud of a centrifugal pump or compressor. The analysis pre- 
sented in this paper is restricted to the case of incompressible 
laminar flow; an approximate solution for turbulent flow' has 
been given in the discussion. 

Only a limited amount of numerical computation was possible 
in connection with the present study. How’ever, the method is 
suitable for solutions by automatic computers in eases wffiere the 
applications justify their use. 


Formulation of the Problem 


The system shown in Fig. 1 consists of a disk or plate rotating 
at constant angular velocity c o in an incompressible fluid and 
situated at a distance zo from a stationary plate or boundary. 
Symmetrical with the axis of rotation the fluid flow’s radially in- 
ward or outward at a mass rate of flow' m. 

The equation of continuity and the momentum equations for 
steady flaw' may lie expressed in cylindrical »*n-ordirwi.t.PH a* 


1 On/ Qtr 

r dr 0z 
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p dr 
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* Numbers in parentheses refer to the Bibliography at the end of 
the paper. 
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Fig. 1 Co-Ordinate System of an Enclosed Rotating Risk, 
Showing Velocity Profile at Radius r at the Condition of No 
Net Radial. Flow 


and 


v - rcoV (f) [11] 


where 


r = slzo [12] 

into Equations [6] and [7] enables separation of the variables. 
This leads to 


TF iv + 2AWW" - 2 FI'" = 0 [13] 

V’ + 2AWV - 2.4 IFF' = 0 [14] 

U" - 2AWU'" - 2 AWU’ = 0 [15] 

where 


A - 


0)Zq* 


- Re, 2 . 


and Re, is the Reynolds number of the system based on z 0 . 
velocity components are given bv 


- Re^rodT' 


m l ’ 


27 rpz 0 r 
xv = 2 Re x a: 2 jr. 


[16 j 


The 


■17 j 

i is j 



with the following boundary conditions 


u(r, 0) - 0; u(r, z 0 ) =0; 27rp ru dz ~ m; 

v(r, 0) = rw; v(r, z v ) = 0; ' ' ‘ 1° I 

tp(r, 0) = 0; w(r , z 0 ) - 0; 

m > 0 for radial outward flow; 
m < 0 for radial inward flow 

The flow rate m may be assumed to be small in all the practical 
cases mentioned previously. 


v ~ roo V [19] 

together with the boundary conditions 

ir(0) - ir(i) - o | 

F(0) - 1, F(l) 0 1 

> 120 1 

6"( 0) = U'{ 1) = 0 | 

C(I)-C( 0 ) = 1 J 

First-Order Approximation 

A set of simplified solutions can be obtained when one takes 
Re, as arbitrarily small. This is equivalent to neglecting all in- 
ertia effects except that due to centrifugal force as in reference 
(7). In other words, if one takes A equal to zero in Equations 
[13] to [15], the solution reduces to 

U = 3f* - 2f» [21] 


Approximate Solution for Small m 

Introducing the usual boundary-layer approximations, Equa- 
tions [2] to [4] can be simplified to 


du Ou 

u '* +w &• 


1 dp dhi 

p dr' + " 'd? 
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Equation [1 ] can be satisfied by the stream function defined 
by 
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Oxp 
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Further, in cases where m may be considered small, the substi- 
tutions 


COZ z o 


rwzoIF(f) + - — 
v 2irp 


m mn 


[ 10 ] 


V - G j- - 6f* [22] 
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The results are shown by solid lines in Figs. 2, 3, 4, and 5 for 
comparison with the solution given later for finite values of A, 
Equation [23] shown that simple shear exists in the peripheral 
direction across the gap z 0 . Essentially, this simplified solution 
constitutes a first-order approximation. The results, however, 
/'are good enough for most engineering requirements. 

The resisting moment M due to friction can be obtained by 
integrating the shearing unit stress over the area of the disk. 
The shearing stress is 


dp rco 



and the moment of one side is given by 


[ 26 ] 
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M = 2tt ttHt = — — r/ [27] 

J n 2 


The moment coefficient of friction (S) is 



Equation [2S] has been plotted against Re r = nr/ v in Fig. 0 for 
comparison with the experimentally determined curve (7, Si. 
Other theoretical curves (2, 7) are included for comparison. 
Reference (7) neglected momentum terms other than that due to 
centrifugal force but considered the axial component to be of 
similar order as the peripheral component. 


Second-Order Approximation 

Including the effect of finite values of A in Equations [13b [14], 
and [In], while still considering only small values of m, may be 
considered as a second-order approximation. The solution of 
this case requires series expansions from f = l to f =» V 2 . 
Equilibrium requires that 
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Fig. 4 Dimensionless Radial Velocity IF'. Radial Velocity 
Due to Rotation — —Re, ru>IF' f A = Re, 1 




C C 

Radial outflow ( b ) Radial inflow 

Fig. 5 Dimensionless Radial Velocity U'. Radial Velocity Due to Net Flow 

= _ mU ' ■ A = Re. 1 

2rpzor 
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V"(0) = VXD (3u; 

since the same torque must be transmitted even if a disk and its 
housing are reduced to narrow rings of control volume of radius 
dr. In other words, with small mass flow, the angular momentum 
flux from the space between the disks must be small and therefore 
the friction torques on the two disks must be equal. This suggests 


the introduction of 

f 2 = i - r cm 

for Vs < £* < 1, into Equations [13], [14], and [15] which lie- 
come 

TtY v -f 2dir,nv'' + 2r,iy « o [:v2] 

W - 2 AWt'V.. + 21 VA'/ = 0 [ 33 ; 

and l'i iv + 2A\V : r.."' 4- 2 AW'./ 1'/' - 0 

The subscript 2 denotes functions of {V Esing series (expansions 
11 - ^ «,£», M' - 1 a//r . Vo; 

v = e b u r», r, - - v/cv [3ti ; 


liquations [13i, [11], [32j,and [ • >-i ] ran 1 m* solved simult mn-oudv 
by determining the coefficients u, tl h, t , a H and b Tt ' from the follow- 
ing boundary conditions: 

Equal ion (30] requires t ha ! 



At f = = l /> the requirements are 




Equations [15: and [34] can be expressed as 

U"' - 2 AW'U" = C [42] 

IV” + 2 AW+IY « C [43] 

where C is the constant of integration which must be determined. 

From the known functions W and TF 2j Equations [15] and [34] 
can he solved for U and U 2 by using the series expansion 

r = ^ c n ?* 9 r= = 3 (;,/{■:» [44] 

with the boundary conditions 

r( 0 ) = o, r,( n « i [ 4 r> ] 



1 he coelhi'icnts ol the toivgoing scries expansions are presented 
in the Appendix. 

Numerical solutions of the simultaneous Equations [37] to 
[41] and [40! to [4S] determine the coeflicients of the series ex- 
pansion of U , V, and 11'. Determination up to b.\ calls for the 
solution of five simultaneous equations of second order. As the 
value of A increases, more terms have to be taken into account 
which increases the order of the algebraic equations accordingly. 

Figs. 2 to 5 show the results of solutions for the cases A — I 
(dotted line) and A = 10 (dash-dot line). The peripheral com- 
ponent of velocity in this case is represented by 

v — ro;(' 1 4 - 5 , <7 -f- . . . i 
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Fig. 7 Coefficient h : or Inertia Correction Factor of Moment 
Coefficient (Shear at the Wall = b\r u/zq) 


Values of the coefficient />i are shown in Fig. 7. These are the 
correction coefficients of k t for various values of Re. within the 
laminar-flow range; at large values of A, this mrreet'on for 
moment coefficient becomes increasingly significant,. 

Discussion 

1 The boundary-layer solution obtained in t ho foregoing 
appears justified by comparison with the experimental results, 
Fig. 6, for small sparing. 'Hie first-order approximation for 
Ro e — * - 0 differs from the solution in reference (7 ! only in that the 
latter accounts for d'w-dz 7 . Equations |17] to ;!*)] show 
Ob' 0,: ; ' to be small when compared to 0" u 0 z 7 ami Jc 0/* since 
w is of the order of the gap Zo while u and v are of orders of the 
radius r. The emphasis of d~w/dz 2 while disregarding the 
momentum contribution other than that due to centrifugal force 
leads to the analogous condition of a disk in an infinite medium. 
The flow condition over an enclosed disk, however, is basically 
different from the cast' of an infinite medium: any effort in trying 
to get similarity between the two cases is not likely to lead to 
significant result. For wider disk spacing the correction of inertia 
effect becomes increasingly significant, the limiting ease is when 
the spacing is infinite, in which case an exact solution is given in 
reference 4, and the inertia effects are accounted for in an exact 
manner. 

2 In the case of the first-order approximation, the fluid is 
under simple shear v across the gap. The result obtained here is a 
generalization of the simple case presented in reference (1 ,). The 
centrifugal force induces the recirculation u outward at the disk 
surface and inward at the surface of the bousing Tin* induced tr 
being negative means flow from near the housing toward the 
disk. 

3 The second-order approximat ions for finite values of Re, 

show the significance of the inertia of the fluid in modifying the 
conditions of simple shear. The inertia effects tend to increase 
the shear at the wall, Fig. 2. The curve labeled turbulent flow in 
Fig. 2 shows a boundary layer based on the 1 power velocity- 
distribution law This indicates the manner by which inertia 
('fleets aid thi' transition from a laminar to a turbulent boundary 
layer through instability The presence of a point of inflec- 

tion has been suggested as a necessary and sufficient condition for 
instability (13V The effect of finite values of Tie. also can be 
seen in Fig. 4. In the limit, the increased effects of inertia and in- 


stability transform the motion u into that of turbulence with a 
thin boundary layer (7). 

1 Simple peripheral shear across the gap is a very good ap- 
proximation, Fig. 0, when the gap z 0 is very small compared to the 
radius r. The moment coefficient for this case is 



In tin: experimental case mentioned previously, He, « 0.1 18 for 
water at Re r — nr a 2 /v — 10*, the correction for the second-order 
effect of H*', is very small (dotted line in Fig. 0). Therefore Equa- 
tion [28] is a very good approximation for the condition in pedes- 
tal bearings. Fig. 7 shows that the first-order approximation 
would lead to 15 per rent error whim Re, is equal to 3.8. There- 
fore a correction may be necessary in the case of gas-turbine disks 
and centrifugal-compressor shrouds. 

On the basis of the l /? power velocity-distribution law (2), it 
can lie shown with the present method that, where the turbulence 
dissipation in the core is small when compared to that due to shear 
at the walls, the moment coefficient in the turbulent regime is 
given by, for turbulent boundary layer of half of the thickness of 
the spacing 


k a = 0.020G Re,*- 1 



[49] 


(Appendix) which also checks closely with the experimental re- 
sults. Fig. fii. The independence of the gap in the transition from 
the laminar to the turbulent range as represented in reference (7 ) 
is due mainly to the similarly proscribed motion for all sizes of 
gap by neglecting momentum in the boundary layer other than 
that due to centrifugal force while considering viscous forces. K 
is inconceivable that, for similar disk, housing, fluid, and speed, 
similar motion occurs whether the gap is 0.01 in. or 1 in. Com- 
parison with experimental results of reference (8) shows that 
reference (7) provides reasonable over-all approximations only 
for I);Zq < 50; i.e., for wide spacing. On the other hand. Equa- 
tion [49] tends to give too high a value of k a at large D/z 0 (>200) 
and too low at small D/zq (<50). Hence reference (7) provides a 
good approximation for wide gap, while for small gap, other 
velocity laws should be taken in the derivation of Equation [49] 
because, below certain values of D/z n, the solution should reduce 
to the case of z 0 = ® (1, 4 ). 

A proper explanation of the continuity of the experimental 
curve is probably that for the range Re r > 10 s represented in Fig. 
6, transition from laminar to turbulent boundary layer exists in 
the space between the disk and the housing. In other words, 
laminar motion always exists for a solid disk in a housing. The 
similarity of the dimensionless correlation of reference (7) to that 
of the case of a disk in an infinite medium (I) can be attributed 
physically as due to overemphasis of the axial motion while 
neglecting momentum other than that due to centrifugal force. 
The axial motion is one of the main motions in the latter case but 
in the former case, its effect is small when the gap is small. The 
proportionality to Re" ! 1 in the laminar case of reference (7) 
should not be attributed to recirculation; recirculation occurs 
even for very low Reynolds numbers. The approximation in 
Equation [49], however, is good only when turbulent, dissipation 
in the core is small when compared to that at the walls. 

From similarity between friction and heal transfer { 12), the 
heat 1 1 ansfer from an enclosed rot a l mg disk should follow a t rend 
similar to the friction characteristics. However, the measure- 
ments reported in reference' (1.4,1 do not substantiate this fact.. 

5 The accuracy of both of the foregoing approximations can 
lie seen by substituting Equations [21] to [25] into Equations 
[2] and [3]. The criterion is that the quantity 
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— r~ < 1 
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for high accuracy. Fortunately tins is true in almost all practical 
cases. 

6 When the net flow is small, the recirculation- velocity com- 
ponent in hut little affected by the not flow. IT and U arc inde- 
pendent in the case lie, — 0 ho the actual value of u can In- 
obtained by superposition. For instance, in the case of radial 
outflow, there is no recirculation for any radius smaller than n 
given by 

45m 

1 ra>p2 0 Re, ^ lj 

The radial flow velocity at r = rj is 

i f [2ir 

“ “ 00 |_ - 3 _ “ ,i0 »" 151! 

The trend in Hhown in Fig S. Similarly, fur radial inflow there is 
no recirculation below r/ 

# „ 30m 

7rp2owRe, 



where m is the strength of radial inflow. The possible cases of 
flow over a rotating disk are shown diagrammaticallv in Fig. 0 
when there is no casing at the outer edge. It is seen that, without 
net flow, recirculation takes place over the whole radial dimen- 
sion. With net flow less than the foregoing limiting values, local 
recirculation takes place in the form of a torus. 

7 For substantial values of Re„ U' is modified by W as shown 
in Fig. 5. The distortion will be more pronounced at higher 
values of .1. In the case of radial outflow, such modification 
tends to increase the radial shear rate at the disk side while, in 
the case of radial inflow, such modification tends to increase the 
radial shear rate at the housing side. 

8 According to both items 7 and 6, in general, radial outflow 
over the disk increases the shear at the surface of the disk and <!<■- 
rreiLHcH the Hhear at. the huiiHing in comparison with tin- ram- <.| no 
net radial flow. This trend is quite favorable in the source flow 
cooling of a gas-turbine disk. The cooling of a radial-inflow tor- 




i' io. 9 Radial Flow Oyer Rotating Disk at Vakiouh Flow Conditions When There Is No 

Casing at the Outer Edge 


[(a) 
at rim 


Radial outflow, with limiting flow at rim; ( b ) radial outflow, flow quantity less than limiting value 
; (e) no net flow, pure recirculation ; (d) radial inflow, flow quantity less than limiting value at 
rim; (c) radial inflow, with limiting flow at rim.] 
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Fig. 10 Average Pressure Difference Between Disk and 
Housing for r/r o - 10 

(m > 0 for radial outflow, m < 0 for radial inflow.) 

The first term on the right-hand side accounts for friction im- 
parted on radial net flow, the second term accounts for diffusion 
(radial outward flow) or acceleration (radial inward flow), and 
the third term represents the radial pressure variation due to cen- 
trifugal effect. For very small Re, 



The last term of Equation [53] represents the minimum average 
radial pressure distribution over an enclosed rotating disk. 
Equation [53] was plotted as shown in Fig. 10, for both inward 
(in < 0) and outward flow (m > 0). It can be seem that rotation 
always tends to reduce the leakage flow of a centrifugal pump or 
compressor, but the minimum inlet pressure required to carry out 
radial outflow cooling really depends on the combination of the 
parameters Ite, and m/pz<fr)r*. In the case of radial outflow, as 
in cooling a gas-turbine disk, the diffusion in the radial flow tends 
to raise the static pressure, while fluid friction tends to decrease 
the pressure due to the increase in velocity ( 15). The data shown 
in Fig. 10 for large values of m/pz&r* tends to be overop timistic 
due to instability of flow under the adverse pressure gradient. 
The centrifugal force tends to attenuate the boundary layer at 
the disk surface. At. the housing, the recirculation tends to ag- 
gravate boundary-layer separation. 

Conclusions 

1 The solution obtained here for an enclosed rotating disk is 
valid. The friction moment coefficients 



/ d\V 4 

k t = 0.0206 Re r -1 / 4 f — j for turbulent flow 

are quite accurate for small gaps between the disk and housing. 

2 For large values of Re, which are usually associated with 
wide gaps, the friction moment obtained from simple shear 
theory can be 15 per cent too small at values of Re, of the order 4. 
The second-order effect of Re, must be considered if a closer ap- 
proximation is required. 

3 The method developed for including the second-order effect 
of Re, can be carried out with automatic computers. 

4 Radial outflow enables very effective cooling of a disk sur- 
face. 

6 Rotation provides an added sealing effect of the shroud of a 
centrifugal machine. 
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Appendix 

Determination of Coefficients of Series Expansion 


Tt 

ic coefficients determined 

from 

Equations [13 

! and [15] are 

a 0 = 

o, 

bo 

- 1 




n, 

hi 






W 

- 0 



a,, 


h 

= - 

■2.4 a^/3 


a 4 = 

5i/l2, 

b< 

- - 

• .4 0 - 4(3 

6i)/6 . 
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a 5 = 6i 5 /6 0, bi = -.-16,(1 + 6a 3 6, )/30 

a« = — .4as(l 4- 3a 2 )/90, b* = — .4(36i 2 4- 8.4a- 2 )/ ISO 

a 7 = — .4a?(3 + 9a 3 4- 860/030, 67 — — .4 2 a 2 ( — 1 — 18a- -4 

30a 3 — oa-6, )/3 15 

The coefficients determined from Equations [32] and [33] are 


( 1 q' = 0 , 

ba' — 

0 

ax = 0 , 

V = 

-4 

a 3 # , 

w - 

0 


63' = 

-63, 

di' = 0 , 

6 / = 

— 64 

aF = - 6 , 4/00 

W = 

- 6;, 

a t ' = Aa 2 2 /30, 

bt = 

— I)t 

aV = (3.4 a 2 'a/ 4 26, %*) /2 10, 

67 r - 

— 67 


The basic unknowns 6,, « 3 , a 3 , and «■/ and a-/ can lie determined 
by simultaneous solution of Equations [37] to [41]. Equations 
[45] to [48] provide the information needed to determine the 
unknown coefficients C, c>, and c 2 / in the following 


Co = 0, 

Co ' 

= 1 

O, - 0, 

Cl 

- 0 

di 

C2' 


Cz =* c/6, 

c / 

= -C/6 

c< = 0, 

C4 ' 

- 0 

c b = .4c 2 a 2 /15, 

cV 

— — Acj'a*'/ 15 

Co — .4(2c 2 a 3 4" Ca 2 )/60, 

Ct 

— — .4(2c 2 / a 3 / 4- Ca 2 ' )/()() 

c 7 * Aicbx + 6Ca*)/630 f 

Cl ' 

= — A(ciW 4- 6(7a 3 ')/G30 


Derivation of Moment Coefficient in Turbulent Ranoe 

Assuming the validity of 1 /-? velocity law (1) at the wall and 
taking the velocity of the core as one half of the disk velocity, 
the shear stress at the wall is given by 

To - 0.03955 p ( - J v ]/i Zo~ 1 
The moment coefficient 


way at the M.I.T. Hydrodynamics Laboratory, are prompted to 
make the following comments. 

In this paper, the author’s discussions for both laminar and tur- 
bulent flow are concerned only with the case of dost* axial clear- 
anee between a rotating disk and a stationary boundary. In such 
instances, the flow regime is characterized by converged boundary 
layers; that, is, the boundary-layer thickness on both rotating 
and stationary walls is constant, over the radius and equal to 
lk/2. For both laminar and turbulent flow, there is a second re- 
gime obtained with decreasing D/zo (increasing axial clearance) 
such that for constant 



v 


the boundary layers, which are a function of Re r and therefore 
have the same thickness for different. ;<, values, will be relatively 
thinner leaving a “core" of finite width which rotates at approxi- 
mately one half the velocity of the disk. Furthermore, for a tur- 
bulent boundary layer, the thickness will vary over the radii of 
both the disk and stationary boundary. 

In general, it should be expected that, as Reynolds number, Re r 
is increased from a low value, the successive flow regimes en- 
countered may be: 

1 Laminar flow with converged boundary layers. 

2 l aminar flow with rotating core. 

Then, following the transition from laminar to turbulent flow 
with an attendant initial increase in boundary layer thickness: 

3 Turbulent flow with converged boundary layers. 

4 Turbulent flow with rotating core. 

Of course, the transition from the laminar to turbulent- regime is 
not likely to be sharp because, since the local Reynolds number 
varies as radius squared, turbulence no doubt occurs first at the 
periphery and works progressively inwards. This has been 
demonstrated experimentally for a free disk rotating in air in the 
author’s reference ( 13). 

The author's Equation [29] applies to regime No. 1, his Equa- 
tion [49] to No. 3. The relations from reference (7) of the 
author's Bibliography plotted on the author's Fig. 0 represent 
solutions for regimes Nos. 2 and 4. These relations in the author's 
notation are 


(K<V)‘" 


27 r 


k M - 


/; 


rr'dr 


7TpcoV//5 


= 0.0206 


(iy \ v 
V Zo / 


Re r _,/ 


4th regime 


with 


0.0248 
‘ J ~ (Re,) 17 


Discussion 

R. E. Nece 3 A\p J. W. Daily . 4 The writers wish to compliment 
the author on his contribution in generalizing the solution for the 
case of simple laminar flow between a rotating smooth disk and a 
closely spaced fixed boundary. His findings and conclusions re- 
garding the details of velocity distribution, flow circulation, and 
heat-transfer effects appear physically reasonable and it is ex- 
pected they can be verified by suitable experiments. 

The author also discusses turbulent flow and the regime he 
describes as the transition to turbulence. The writers believe this 
needs further clarification, and, in view' of their own experiments 
with smooth and rough enclosed disks which are currently under 

* Assistant Professor of Hydraulics, M assachuset ts Institute of 
Terhnology, < ‘ambridge, Mass. 

4 Professor of Hydraulics, Massachusetts Institute of Technology, 
Cambridge, Mass, Mem. ASME. 
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It will be noted that Equations [54] and [55] do not predict an 
effect of axial clearance. 


* It should be noted that the author’s Fig. G is plotted using 
_ rpm X r,2 


whereas a- instead of rpm is used in the Reynolds numbers in his equa- 
tions. Parenthetically, it might be noted that the equations corre- 
sponding to [54] and [55] for a “free disk” (a = «>), which in the 
author's notation are 


1.5: 
(Riv) 1/J 


and 


0.05S 

(YteZv^ 


respectively (using uj in the Reynolds number), appear to be plotted 
incorrectly in the author’s Fig. 6. 
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The question arises as to the magnitude and range of Reynolds 
numbers over which these several regimes might exist, and also, of 
course, as to the accuracy of the equations for calculating the disk- 
friction torque. Briefly, the facts of the situation seem to be the 
following: 

1 For turbulent flow, all published torque formulas have been 
derived using the physical model of a rotating core, corresponding, 
therefore, to the high Reynolds-number range and regime No. 4. 

2 Between the laminar flow, regime No. 2 and the high 
Revnolds-number turbulent-flow range, a “transition” curve is 
scmict imr.'i nUterved. although up to now regime No. 3 haw not 
hern explicitly tagged. 

3 Contrary to the predictions of the previously published 

formulas, torque measurements bv the writers for regimes No. 2 
and No. 4. as well as published measurements for regime No. 4 
[see author's Fig. (> and reference K) have indicated variations 
with the axial-clearance ratio such that as increases, the 

torque coefficient decreases. 

■ I The author's Equation [49; indicates increasing torque co- 
efficient with increasing l)/z«. 

In view of these observations, it appears that the range over 
which regime No. 3 may exist will depend on the axial clearance 
ratio, decreasing with decreasing values of /.) :>, 'increasing 
clearance';. M.l.T. experiments indicate for D/z, less than about 
30. this regime may not be distinguished from a laminar-to-turbu- 
lent transition range of the usual sort. As to the lack of agree- 
ment between published formulas and experiment- for the wide 
clearance regimes Nos. 2 and 4, an important shortcoming of all 
the theoretical analyses has been the omission of the effect- of wall 
friction at the cylindrical portion of the enclosing housing on the 
loss of momentum and kinetic energy. It is concluded that an 
adequate theoretical development- for torque (Munitions must, lie 
based on a more realistic physical model than has been Used here- 
tofore. 

R. Dkan, .Rid The author is to be complimented on pre- 
senting an analysis of the laminar disk-friction and boundary- 
laver problem which, wit hin t he k nowledge ol the writer, is more 
complete and authentic than any other in the literature for the 
case of a small gup between the disk and easing. The solution 
yields flow patterns which show evidence ot circulation in the 
clea ra 1 1 ee gap w iiieh bears some resemble nee to the I a y lor- ( or the 
rings found m the gap between a rotating cylinder and stationary 
coaxial cylindrical casing. The work ol Kaye and Elgar' 1 shows 
that these vortexes have a significant influence on heat transfer, 
and preswmablv also on friction, in the cylindrical case and would 
he expected similarly to influence the heat transmr from and 
friction of a rotating disk in a closely spared rasing by promoting 
a vigorous mixing of the flow. 

l\nve and Klgar's investigation demonstrated that the flow be- 
tween evlindrical walls could occur in four regimes depending upon 
the mass flow and rotative speed of the inner cylinder. Those re- 
gimes are characterized 'by the flow being laminar or turbulent 
with or without the vortexes. The writer suggests that the prob- 
lem of the flow between a disk and housing might be investigated 
profitable bv using visualization and hot-wire techniques to re- 
veal the detailed space-time characteristics of the flow. f \ hesc 
ciiaract crist iev- may aid immeasurably, as m 1 dgai s e.-i.sr, t<> r\- 

Head. Advanced, Engineering Department. Ing^rsoli-Ihind Com- 
pany, PI. ill ipsburc. X h M-m. ASM F 

* M, ,«!«••: of A.Ri’irUu u! ,d I >i'l! lilt ie 1 I ( i I « 1 I te >1 in Mil \ Mt.nlm with 

:m Inner Put at mg t 4 limler," te Joseph Ka\ r and 1.. i Elgar, lC- 
search Laboratory of Heat Transfer in Electronics. Massachusetts 
Institute of Technology, t 'ambridge. Mass.. Report No. HEII 1 I.-l 3. 
Fdinury 15. l‘»57. 


plain the variations in integrated parameters as shown in the 
author's Fig. 6. 

M. A. Saxtalo 7 and W. A. Wilson . 8 There are two distinct 
approaches to the solution of fluid-flow problems in engineering 
devices. This paper is a creditable example of an elegant mathe- 
matical treatment based on the general form of the Navier-Stokes 
equations. These fundamental relationships have been simplified 
by “introducing the usual boundary-layer approximations,” and 
further simplified by restricting attention to the case of very small 
Reynolds numbers and very small integrated radial flows. The 
method then yields precise solutions for the eases consistent with 
these assumptions. 

The second approach is also classic; it involves positing the 
essential kinematic characteristics of the solution, frequently a 
one-dimensional description or symmetry in velocity profiles. 
The kinematic parameters of the hypothesis are then adjusted to 
satisfy certain gross limitations embodied in the continuity, 
momentum, and energy relationships. Solutions thus obtained 
are susceptible to indefinite refinement by applying the method 
simultaneously to smaller and smaller subdivisions of the process. 
In the limit, of course, the latter method coincides with the 
former, but in practice and in spirit the two methods are quite 
distinct. The second is based on the assumption of the possi- 
bility of a direct physical apprehension of the phenomenon and 
the first on confidence in being able to cull from the general dif- 
ferential equations those terms of negligible consequence. 

The first method holds out the promise of definitive solutions, 
either analytical or numerical. In fluid-mechanics problems we 
usually must be content with severe restrictions on the range of 
applicability of these solutions. In the present instance the addi- 
tion to our understanding of flow over a rotating disk is limited to 
the correction factor presented in Fig. 7. The author suggests the 
applicability of this correction to Mows over gas-turbine disks and 
centrifugal-compressor shrouds. As a matter of fact, the Re, 
range, 0 to 3.5, covered by Fig. 7 probably covers the laminar-flow 
regime for which the curve is valid, but typical applications in 
turbines and compressors lie far outside if. (For example if 
u'( I)/2) — 1000 fps, = 1/1(1 in. and the fluid is air at 200 F, then 
I te, * 7S.5.) 

Of greater practical importance is the turbulent regime. Tin? 
author presents some conclusions about this regime in his Dis- 
cussion. Although we are not led in detail through the reasoning 
by whirl) he comes to these conclusions it is fairly clear that tins 
rearming is ol the second kind; i.e., he posits the 1 power ve- 
locity-distribution “law.” Such use of analogy can be very useful 
indeed. A paj>er by Ilisao Jimbo 9 examines several aspects of 
the problem of flow over a rotating disk starting with friction 
laws developed by Schultz-Grunow in reference f'7 ) of the paper, 
and the present paper. His conclusions which were reasonably 
substantiated by experiment have several practical implications. 

Then' are two sj>ecifie questions which the writers would like 
to direct to the author: 

1 Are the slight asymmetries of the velocity profiles in Figs. 3, 
4. and 5 attributable to some physical phenomenon or to the sim- 
plifications introduced into the basic equations? In particular, 
for the ease .4 — 0, m — 0, and D/z 1 the asymmetry indicated 
is very surprising. 

2 W hat is the definition of "average pressure difference’* as 
used in the caption of Fig. 10? If the assumption Op/Oz = U ap- 

: Assist am. Professor of Mechanical Engineering, Massachusetts 
I reU ii nt*- of Technology. Cambridge. Muss Mem \SM E. 

* l’f • ,f i :;‘;i it (if M Ct ‘ 1 1 tt tl 1< Sli I 1 1 (/ i 1 1 < w t i II (/ . M M • ! I e I I 1 1 •:< < 1 t -l I f r*$l-t I »H«' 
i> 1 lech i mlogy , l ainLndge, Ma.-vM. Mein, ASM I ,. 

9 “Investigation of the Interaction of Windage and Leakage 
Phenomena in a Centrifugal Compressor.” ASME Paper No. 5fi - 
A -17. 
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plies then p = f(r) only and there would seem to be nothing to 
average. For the case of m = 0 and the symmetrical profiles of 
Fig. 2 one can conclude that at z = z 0 /2 



not 0.4 as indicated in Fig. 10. 

A final comment is a school-masterish plea for more considera- 
tion of the readers in the preparation of curves. Fig. G which 
presumably relates the theory presented to other theories and to 
experimental work is virtually unintelligible to the writers. 

Author’s Closure 

The author wishes to thank the discussers for their interest and 
eri ticism. 

The four flow regimes pointed out by Professors Nece and Daily 
are certainly enlightening. While all these conditions tend to 
occur to a given disk, depending on the physical dimensions and 
properties, these are the four predominating rases. Their sug- 
gestion of the study including wall friction at the cylindrical por- 
tion of the enclosing housing is a worthy one in an efTort toward 
a better understanding of disk friction problem. No doubt their 
calculations on the cases of free disks were right as a direct con- 
version, but the author has made a further conversion, based on 
the definition of moment coefficient given by Equation [2S] in 
order to make comparison with the experimental results pre- 
sented in reference (8). 

The remarks contributed by Dr. Dean are valuable and instruc- 
tive in supplementing this present study. His suggestion for ex- 
perimental work will certainly lead to significant understanding. 

The restriction as suggested by Professors Santalo and Wilson 
is really not there; as long as the flow is laminar, the method pre- 


sented is not restricted to Re, = 3.5, nor Re, = 7S.5. Even if 
calculations were carried out to the latter figure, one can always 
point out to an example in which Re, is a larger quantity. In 
fact, the last paragraph of Introduction suggested these possi- 
bilities. The following might serve to answer their specific 
questions: 

1 Tim viscosity profiles in Fig. 3 arc not. symmetric because 
centrifugal force always acts radially outward. The axial com- 
ponents in Fig. 4 are also not symmetric; Figs. 3 and 4 are re- 
lated by continuity. The case of .4 =0 in Fig. 5 is symmetric 
because it is simply Poiseuille flow. 

2 The simplification as presented by Equation [Sj means 
variation of pressure in the axial direction is negligible as com- 
pared to variations in the radial direction. In other words 

dp ^ dp_ 
dr dr 


where p means averaging in the axial direction, or Equation [52] 
was obtained from Equation [0] in the following manner 



In their calculation in arriving at (p — p Q ) 



0.25. 


they have neglected contributions from the radial component of 
velocity. 

With regard to their final comment, the author wishes to assure 
the readers that better pictures will be prepared next time. 
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Nomenclature- 


= distance between adjacent di?ks 

- f r irt ic-n factor, further defined in 

i-Oliti’Xt. 

- pressure 

- j treasure change in entrance pas- 

sage 

=- pressure change across niter 
from ’liner radiue to position i 
= pressure change in diffuser 
= A/'„ + A 1\ + A/’. ; total pres- 
sure change across entire 
pump 


Q - volume (low rate 
r “ radial position meniiti/itc, from 
rcntei of disks 
T iorijin 

u = veloi-ilv nimponi-n! in r-dircc- 
ti> >n 

c = veiocitv compom ut in ^-direc- 
tion 

11 = work per unit mass 

j = r/r,, dimensionless radial posi- 
tion coordinate 

y = v/Uft, diinemjionless velocity co- 


ordimite in (?-di ruction 
T) = idliiaeney, further defined in con- 
text 

U - angular velocity of disks 
p = density of fluid 
r = Bhcar Btress, further defined in 
context 

8 = angular position coordinate 

SiAtCriptl 

i = value at inner radius 
o = value at outer radius 


An Analytical and Experimental Investigation 
of Multiple Disk Pumps and Compressors 

An unconventional type of turbomachinery employing a rotor composed of smooth 
disks is described and the history and motive principle of such devices briefly recounted 
_4n experimental program of research on such dances is describe d, together with a de- 
scription of the design and testing of an experimental water pump , n blower, and an an 
compressor using multiple disk rotors. 

Data resulting from the testing of the dances are presented in summary form with 
discussions of the conclusions which the data allow. 

.4 "first-approximation" a nal y sis is presented of the /lose processes within the rotoi 
and of the limiting performance and efficiency of multiple disk pumps Solution of tin- 
resulting equations, found by digital computation , is presented for a wide range of 
geometry and of floiv variables, in terms of dimensionless parameters A brief discussion 

given of possible applications of multiple disk pumps, compressors and blowers, and 
of the information venv available for the design of the dmccs. 


Introduction 

Is convkntjonai. ttirhomai hiiii-ry, momentum ex* 
change IxrLween the fluid and the rotor is effected by providing 
blade9 or Bhaped passages to deflect and constrain the flow in the 
rotor. The resulting force is due to the integral of the preceun; 
distribution over the surface of the rotor. In some lurbomachin- 
ery, however, Biich ns the conventional drag turbine, force on the 
rotor 1 b duo to the integral of the shear stress over the rotor sur- 
face and no constraining blades or passages are present. 

There exists a tyi>c of lurbonmrhiiiery rotor essentially dif- 
ferent from conventional blmled or vuned rotors and also very 
different from the conventional drag turbine rotor, both in con- 
figuration and in effects. This is the multiple disk rotor, consist- 
ing of a number of thin, smooth, flat, parallel disks arranged 
normal to a shaft and fastened rigidly to it with small spaces Ikj- 
tween the disks. Holes or slots are provided in the disks near the 
Bln. ft. This tyjjc of rotor, with appropriate housings, can l>c used 
to form hydraulic and gas turbines, hydraulic pumps, and gas 
compressors. A photograph of eurh a rotor if presented in Fig 1 . 

In the pump application of the multiple disk rotor, the rotor in 
enclosed in a housing provided with bearings, housing* to- rotor 
seals, a diffusion scroll, and appropriate fluid supply cavities 
Fluid enters the pump rotor through the holes or slots nonr the 



Fig. 1 A low-prutluru air compruttor (or blowor) using disk rotor, with 
a I utils diffusing housing 


shaft, then enters the spaces between the disks in an approxi- 
mately radial direction. Because of the shear stress exerted on 
the fluid by the disks, the fluid is accelerated tangentially 
which in turn causes centrifugal forces which accelerate liu- 
fitiid radially toward the disk periphery. Consequently, the fluid 
follow? a “spiral” path relative to a fixed enordinnto system while 
between the diskB &n\l exhausts into the diffusion scroll at a high 
velocity with both radial and tangential components. During 
passage through the rotor, the fluid reacts on the multiple disk 
system requiring that external torque be supplied to the pump 
shaft by a driving engine or motor. The fluid exhausts from the 
diffuser scroll at a higher energy than that at which it enters the 
pump, the increased energy Iveing primarily in the form of en- 
thalpy. The net useful result is an increase in the pressure of the 
fluid Ix'twocn the pump inlet and outlet. 

In the compressor or blower application of the multiple disk 
rotor, the operational principle is the same but the fluid handled 
is goaeouB rather than liquid. As in the case of conventional 
turbomachinery, a blower would bo expected to perform in very 
nearly the same manner aa a pump since the fluid density is not 
greatly changed within the bluwer, but a compressor with a high 
compression ratio would incur compressibility effects within the 
rotor. 

The origin of the idea for such a rotor is somewhat obscure. 
The first definitive United States patents involving the rotor were 
issued to N. Tesla [1}‘ in 1913, covering both turbine and pump 
applications of the rotor. The inventor did not seriously attempt 
to exploit the devices and the principle has received little attention 


in published engineering investigation. A public demonstration 
of a multiple disk turbine was given by Tesla prior to the issue of 
patents and was widely reported in the scmitechnical press of that 
time (2, 3]. Several writers offered explanations of the motive 
principle and brief analyses of the flow proceas within tho rotor 
14,6). 

A continuing analytical and experimental investigation of disk 
turbomachinery was begun in 1058 by tho writer and several 
associate with the objectives of determining tho feasibility of 
such machinery. The investigation resulted in the design, con- 
struction, and testing of a variety of experimental air turbines 
and air compressors, and a liquid pump using multiple disk 
rotors.* All of the machines performed the functions for which 

1 Numbers in brackets doaisnato References at end of paper. 

•The investigation reported herein was sponsored by Texas In- 
struments, Inc., Dallas, Texas. 



Fig. 2 A wotur pump using a mwfflpls disk retor, with a diffuser 1 a- 
corpuratud fur lusting 

they were intended. The test results iiu ;ate that multiple disk 
pumps and compressors sv* feasible, ma. jn'flcr attractive per* 
formance in certain apt ilui' applications (b.li not where conven- 
tional pumps are satisfactory), and are worthy of further investi- 
gation. The analyses indicate the upper limits of performance 
which can be approached by multiple disk turbomachinery and 
the manner in which the upper performance limits vary with 
geometrical and operational parameters. This paper presents a 
summary of test results from a pump, on air blower, and an air 
compressor using multiple disk rotors and a first-approach type 
of analysis of the performance of such machinery. 

An Experimental Multiple Disk Pump 

Fig. 2 shows a multiple disk pump while Fig. 3 shows the rotor 
of the pump. The rotor was 5.0 in. in diameter, compoeed of 34 
disk* , each 0.020-in. thick, and with 0. 020-in. disk spacing. 
In this machine, the disks were made with a 1.0-in-dia 
central hole; the rotor was thus hollow, with no shaft through it. 
The disks were held together, spaced, and stiffened by eight omall 
throughbolte and an inlet spider at each side of the rotor provided 
attachment to shafts external to the rotor. Water entered from 
appropriate chambers in the pump housing, through the inlet 
spiders, into the central hollow portion of tho rotor, and finally 
into the spacus botwoen the disks. At tbo outer poriphery of the 
rotor the water entered a spiral diffusing scroll and left the pump 
through a final straight diffusing pipo. Bronso bearings were 
used, with no external lubrication. Carbon seals wore provided 
between the rotor and the housing to minimise leakage between 
the two. All other details such as packings, couplings, and piping 
were conventional. 


Tho pump was driven by a variable sj>eod electric motor cradled 
to form a dynamometer for tosting. Water at approximately 
100 deg F was the putnjred fluid. Appropriate data wore collected 
to yield the performance summarised in Table 1, in which repre- 
sentative values only are presented. Minor in consistencies in the 
data presented are due to experimental inaccuracies. 

The flow was unstable over some ranges of j>crformance; only 
values at which stability obtained arc reported. Tbo instability 
is believed due to separation and resulting cavitation within the 
rotor, perhaps abetted by cavitation at tho inlet Bpiders. A com- 
plete description of the pump, the test conditions, and the result- 
ing data and performance have been documcntod in a thesis 
concerning tho machine [Gj . In Table 1, the efficiency reported is 
the overall pump efficiency, defined os the ratio or Lhc increase in 
the hydraulic energy of the fluid through the pump to the shaft 
work supplied to the pump; the difference in the two quantities 
is manifostod primarily by a temperature rise in the liquid 
pumped 



Fig. 3 Th« rotor of thu pump thown utiumblud in Fig, 2 


Tablu I Roproiontatlv* purfurmoncu doto horn mulHplu ditlt 
wotur pump, oporotud ot otmauphude pruituru and opprovl- 


matoly 

100 dug F at pump Inluf 

Discharge 

Volume 

Efficiency 

Speed, 

presBure, 

flow rate, 

rprn 

jwig 

gal/min 

f /< 

3500 

47.2 

0.0 


3500 

46.7 

10.1 

6. 1 

3500 

41.4 

24 . 8 

16.9 

3500 

39 2 

34 8 

210 

3500 

37.3 

8 

20 1 

3500 

28 8 

41 .8 

13.8 

5500 

92.0 

0 0 


5500 

87.0 

12.0 

7.1 

5500 

82.5 

25.2 

13.4 

5500 

76.5 

26.6 

12 8 

5500 

42.8 

34 2 

7 9 

5500 

39.4 

41.1 

8 8 

5500 

30.2 

46.2 

7.3 


Tablu 2 Rupruiuntailvu purfurmaneu data hum multiplu dhk 
air blowur, opuraUd at olmo»phurlt peutturu and approxl- 

maUly 100 dug F at blowur intut 



Discharge pressure, 
in. water at 60 deg F 

Volume flow rale, 

Speed, rpm 

cfm free air 

6000 

10.5 

0 

6000 

10.0 

28 

6000 

8.0 

84 

6000 

6.0 

122 

6000 

2.0 

178 

7500 

16.0 

0 

7500 

12 0 

88 

7500 

8.0 

144 

7500 

2.0 

228 

0000 

22.0 

0 

9000 

18.0 

76 

0000 

12.0 

160 

0000 

2.0 

280 

10000 

28.0 

0 

10000 

24.0 

68 

10000 

20.0 

124 

10000 

ICO 

174 

10000 

12.0 

224 

10000 

6.0 

300 

10000 

2.0 

348 


Experimental Multiple Disk Blower and Compressor 

A multiple disk blower was constructed using a rotor of 18 
disks, each 10-in. diameter, spaced J / K -in. apart. Tho disks 
were mounted on a solid shaft with drilled holes each l /t- 
in. dijunctor drilled parallel to the shaft as air inlet holes. 
The rotor was inclosed in a housing providing a spiral diffusion 
scroll around the rotor periphery. As the first machine con- 
structed to determine feasibility of the multiple disk principle for 
Mowers, the blower was crude with regj>ect to mechanical design 
details and developed excessive vibration at 1 1,01X1 rpm, prevent- 
ing testing above about 10,500 rpm. No housing- to- rotor Beals 
were provided. 

Tabic 2 presents data representative of the performance of the 
blower. Operation was very stable over the entire usable range 
and the noise level was exceptionally low for the rotor speeds 
used. Testing was conducted using a multiple disk air turbine as 
the motive power for the blower; no shaft power measurements 
were made, which prevented calculation of the overall efficiency iff 
the blower Through the use of performance determined for the 
driving turbine, the highest overall (hydraulic) efficiency of the 
1 lower was closely estimated. to be 17 percent which occurred at 
10,500 rpm and at a How rate of 140 cfin. 

A multiple diak compressor was constructed with a rotor G.O 
inches in diameter, composed of 77 diskB each G.020~i». thick 
and with 0.020-in. space betwoen adjacent disks. The disks 
were rigidly mounted to a solid shaft and kidney-slmped air inlet 
holes were provided near the shaft. The rotor was stiffened with 
small through bo Its. The aluminum housing was provided with o 
spiral diffusion scroll at the rotor periphery. Ball bearings were 



fig. 4 A dl»an*mbl»d vitw of on air (ompmicr using a disk rotor 



fig. 5 Th* prsttwro-volum* flow roto choraet*ri»tic» of •xp»rtm»nlql 
muffiplt-sflsk air compressor a( lolocltd retoti’onof ipOods 


used with oil-mist lubrication and carbon housing-to-rotor scale 
were provided. Fig. 4 presents u disassembled view of the com- 
pressor. 

A multiple disk air turbine was UBed as the driving unit during 
tasting of the compressor. Fig. 5 presents a summary of the per- 
formance data for the machine over the range of sixted attained 
in the tost program. No operational difficulties were encountered 
during approximately 300-hr test lime and the noise level was ex- 
ceptionally low, Tho air flow w as stable over the entire range for 
which performance is reported. 

The compressor was designed to operate at speeds to 30, OCX) rpm 
but such B]X*eds were not reached due to limitations of the com- 
pressed air supply for the driving air turbine in the test facility. 
After the collection of the data reported herein, further testing 
of the compressor was accomplished at higher speeds and in- 
cluded the detenu innlion of the power supplied to the compressor 
enabling calculation of the overall compressor efficiency. Tho 
work was not complete at this writing but preliminary results in- 
dicate that efficiency increases with shaft speed at every volume 
fb'w rale nnd that efficiency is approximately 23 percent at 20,000 
rpm and a volume flow rate of 180 cfm, this being the highest 
efficiency at that sficed. Details of the construction of the com- 
pressor, the test techniques, and complete results are contained in 
a recent thesis [7J. 

Analytical Development 

Several analyst's pertaining to multiple disk pumps and com- 
pressors have Ix-en made in support of the experimental work re- 
ported herein. These analyses were in the spirit of a feasibility 


stud) and attempted to establish to a reasonable degree the upi>er 
hums of performance of such machinery which might be ap- 
proached by real devices. 

The most informative of the analyses, from the standpoint of a 
com promise between accuracy of t fie mathematical model and 
simplicity of the solution, is given here. In the analysis, flow 
between a single pair of disks is considered; thus it ie assumed 
that the flow in all disk spaces is similar. This condition is 
reasonably attained in real disk pumps. In lieu uf the viscous 
flow equations which truly rirscril>e the flow in the rotor, a 
“friction factor” is used as k parameter descriptive of tho fric- 
tional properties iff (he flow passage, and the factor is assumed 
to have &n average constant value throughout the apace between 
two disks. Tho use of Such a factor has been justified by experi- 
mental work (8) conducted on the flow between parallel disks; 
the assumption of an average constant value of the factor between 
the disks is somewhat has defensible and is doubtlessly a distor- 
tion of fact. 

The analysis therefore accounts for the flow conditions within 
the rotor in a “first-approximation” manner. Further, the 
analysis considers the performance of an overall pump, including 
the rotor, inlet passages, and diffuser. In the analytical model, 
the reversible aspects of all of the pump elements (except the 
rotor) are considered, Umt is, no allowance for frictional losses is 
included in the analysis. 

The analysis therefore establishes only the upper limits of per- 
formance of a diBk pump which can be approached to a greater 
or lesser degree in real machines according to the losses in the 
machines due to irreversibility of the inlet and diffusion processes, 
“windage” frictional losses between the rotor and the housing, 
nnd tho departure of the rotor flow processes from that repre- 
sented by the mathematical model of the rotor flow process used. 
In spite of these facts, the analysis gives insight into the gross 
features of the flow mechanism and defines the manner in which 
pump performance varies with geometrical and operational design 
parameters. 

The results are presented in dimensionlese form and therefore 
describe an infinity of geometrical and flow parameter combina- 
tions. Tho results are believed applicable to low pressure blower* 
as well as liquid pumps but are of doubtful value for compressors 
in which compressibility effects are significant. 

Stalement of Idealized Problem 

The steady flow of an incompressible fluid is considered, sup- 
plied to a pump consisting of two disks with a single flow’ passage 
between the disks, The fluid is considered to be accelerated from 
the stagnation state to a purely radial velocity of whatever mag- 



fig. 6 Hon farm of a ditk and coordinate lyilom 

nitude required by eontimiit y to admit the flow into the space 
between the disks. This acceleration is considered to lake place 
reversibly, and at the expense of the flpid pressure-. The tan- 
gential component of the fluid a I the Finer radius of the pump 
rotor is zero. The fluid is assumed to l>c admitted uniformly over 
tlie inner circumference of t he spai’C bet ween the disks. 

The fluid is assumed to occupy the entire space between the 
disks and to constitute a two-din '.naional axially symmetric 
flow in tin- plane iff disks are plane, smooth, 

parallel, and rotating with e*!?.ao™*’ j r«gular velocity. 

At the outer radius, the fluid is assumed to be collected from the 
rotor ami decelerated to a stagnation condition bv a reversible 
diffuser. Fig. 0 depicts the phm form of the disks and a coordi- 
nate system. 

Analysis 

Under the idealizations made the equations of motion for the 
fluid between the disks ran be written. Since all derivatives with 
reaped to time and 8 are zero, the components of acceleration are 


hydraulic diameter of 2b. Then, a relation is established between 
/ and t by equating surface forces due to the stagnation pressure 
gradient to surface forces due to shear stresses at the boundaries 
of the flow. Hence, 

pdQrb — (71 -f dp)>ldrb + 2 rrdOdr -= 0 


39 


or 


dp 


2rdr 

~ 


By definition, 

dp _ /[(„ - fir)* + «»jdr 
p 4 h 


(3) 


( 2 ) 


where the bracketed term is the velocity of the fluid relative t- ■ 
the disks, squared. The factor / is assumed constant throughout 
the disk system. Combining equations (1) and (2) yields 



ns the relation between tbc shear stress and the factor /. 

The force on a fluid element due to shear stress becomes, in the 
direction opposite that of the relative velocity, 

-7 Iff’ — fir)* 4 u'}*d$dr 

O 

whb’h has the components 

.. /P l(f - flr)* 4- u*\urdddT 

4 [(v - fir)* 4 u*J '* 


i*) 1 ^* urd8dr 


fl-direction: [(i» — fir)* + u*j l ’ /, (.i> — fir)rd0dr. 

4 


’i’he developed forces and accelerations are now inserted into 
Newton's law to obtain the scalar equations 


f(n — fir}* -f- ii*) !/ ‘(v — Ur)rd 0 tfi 


, , I dv »ie"l 

* pinlMr L“ dr + 7 ] 

and 


— / brdOdr — [(i> — fir)* + i<*J vrdOdr 

dr 4 


pbrdOdr 


du e* 

U — 

dr r 


in the 6 and r-dircctiuns, respectively. These simplify to 

dv i» f(v — fir) ,, 

‘ “ - ' |(»- - fir)* 4 «*]’■>- 0 (3) 


1 dp du c* fu , 

- 7 + 1 * , + K»- ~ »')' + «*] A - 0 (4) 

p dr dr r 4 h 


Those arc the equations of motion for the fluid flow between the 
disks. 


Solution o( Ihe Equations of Motion 

Equations (3) and (4) were solved through use of an IBM 704 
digital computer. In order to retain generality, the equations 
were first rendered dimension leas through introduction of 7 and y 
us the dimensionless distance ami dimensionless 0 component of 
velocity, respectively. Further, the continuity statement 


« — 


du v * 

r-tiirevtion : u — — — 
dr r 

^-direction: u ^7 4 

dr r 

Forces on a fluid element are c.oiiBidered to be surface forces 
only; that is, gravitational forces arc ignored. Surface forces are 
duo to pressure gradients ami viscous shear stresses. 

The force on a fluid element due to the pressure gradient is zero 
in the ^-direction because of axial symmetry. In the radial 
direction, the forco due to the pressure gradient is found Irom 
consideration of a fluid element to be 

• dp 

r-direction: — br dOdr. 
dr 


was used to eliminate the radial velocity component from the 
equations. The resulting equations of morion in dimensionless 
form are. 



X (»-*)- 0 (5) 

mnl 

1 dp _ / Q V I _ i/ 1 fr, 

pfi*r,* dx yJirbr^i/ X * x 4fi 



Viscous forces are accounted for by expressing the shear stress 
at surfaces of contact between the fluid and the disks in terms of a 
constant factor / according In the conventional hydraulic treat- 
ment of bulk flow. Other surfaces of a fluid element are considered 
to contribute no net viscous fori'e on a fluid element. Fig. 7 de- 
picts a fluid element from which can lx; derived the approximate 


Equations (5) and (t>) were presented to the digital computer 
with the boundary condition r/(0) = 0 The equations were 
solved for all possible combinations of the dimensionless parame- 
ters given in Tabic 3. In each solution, 1 was considered as the 
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independent variable ami values of y ami of SP,/ pQ*r , l were 
tubulated versus z, where A/\ is the accumulated pressure change 
in the flow Ixdween the disks us obtained by the solution of 
equation (0). 

Pump Performance Parameters 

An expression for Urn pressure change of the fluid due to re- 
versible acceleration of (.lie fluid from the inlet stagnation state to 
the necessary radial velocity to enter lielwecn the disks is written 
from conventional one-dimensional hydraulics as 



since u, =■ Q/2rr t l from conliiniity. In dimensionless form 

1 ( <L_V 

pQV,‘ “ " 2 \2tZt«IJ ' 

At the rotor diachurge the pressure change of the fluid due to 
reversible diffusion to the outlet stagnation state is written in the 
same way as 



since v, =■ and i/„ = Q/2wl» ; j 

In dimensionless form, 



The addition of the dimensionless pressure changes through 
the inlet, tin- diffuser, and the rotor (the last obtained from the 
Solution of equation (G)j, at cm it value of .r, yields a value of 
A7* ( /pf2V, 1 . This is the dimensionless pressure change through 
the (Mi tire pump and was computed at evorv value of J, for every 
ronibination of the variables in Table 3. 

In order to form an efficiency expresmui fur the pump, the 
ideal work per unit mass is firsl written 

AF, 

11’*,., =■ - - 

P 

This ideal Work is then rendered dimensionless to get 

ir*,., _ -A P, 
nv,« ~ pnv,’«' 

The actual work required to drive the pump follows from the 
torque 

T - -QpUr'yj 

written from considerations of angular momeutuiu. Since the 
work is Uie product of torque »nd angular velocity, it becomes, 
for a unit mass, 

11 V.u.i “ -ll t r i 'xy 
or in dimensionless form 

w ~ 

Now the efficiency is defined as 


ir ia „, 



lUu/QV 

“ lr^i/siv 

— A/VpflV, 1 

~*V 

A P, /fAl\* 

ry 

Values of the torque and of the efficiency were computed at 
each value of x. 


Results ot Analysis 

The complete results of the computations consist of one data 
sheet for each possible combination of the variables listed in 
Table 3. Each sheet presents z as the argument, ranging from 
x “ 1 to i — 5 with the resulting values of y, A P ( /pflV 4, and the 
dimensionless torque function. Those results are too voluminous 
to be reproduced here |9). 

A single representative case, which is typical of the basic results 
obtained, is given in Fig. 8, plotted for 

/ - 0 04, rjb - 50, and Q/i'lr* - 0.010. 

In all cases the maximum value of rj occurs at the maximum outer 
radius for which the solution was obtained, namely, at i - 5. 
Therefore, the characteristics of a pump of fixed goometry, x - 5, 
are presented in the curves of Figs. 0 through 24. These curves 
constitute the useful results of this study and enable the design 
of a disk pump with any characteristic* within the inherent capa- 
bility of the disk-Uqxj rotor. The results, of course, pertain only 
to a pump with no losses external to the rotor. Available con- 
ventional Iocs information for inlet, diffuser, pump housing, and 
bearings must be applied to predict actual pump performance. 



Fig. 8 Typical tvrvw el efficiency, veleeily roll©, and pre**ure change 
•erect the pump at a function of x. Hefted for f 0.04, o/b "* 50, and 
Q/Un* “ 0.010. 

In an actual pump, many disk spaces must be provided to yield 
a pump with a prescribed volume flow rate. The necessary num- 
ber of disks can be computed from the of <?/i2r,» for a single 
disk Bpace, which is the abscissa of the curves presented. 

Consideration of the curves shows that the efficiency and the 
pressure rise through the pump decrease with increasing values 
of the volume flow rate parameter Q/ttr*. In fact, there is a 
value of the flow rate parameter at which the efficiency and pres- 
sure rise are zero. For flow rates greater than this there is a 
pressure drop across the pump which must be supplied ex- 
ternally This is, of course, not a useful pump condition. In 
this case, shaft power must still be supplied to the pump to main- 
tain the rotor at the prescribed angular velocity. 

In the useful range of the flow rate parameter, both the pressure 
rise and the efficiency increase us the flow rate decreases. The 
efficiency approaches 1 00 as the flow rate approaches zero. 

Performance curves allowing pressure rise as a function of 
volume flow rate, for a given fluid and a pump oi>erating at con- 
stant speed, can be constructed from the information in Figs. 9 
through 24. Such curves should compare favorably with the per- 
formance curves for conventional pumps with similar inlet and 
diffuser losses. A very wide range of specific B]>eed can be aU 
tained with the single rotor configuration. 


Discussion 

From the results of the analysis and experimentation, it is 
possible to predict the probable performance of multiple disk 
pumps and blowers over a wide range of the use spectrum. How- 
ever, the possible variety of uses prohibits such considerations 
here; each prediction would be a study in itself. 

The results show that multiple disk pumps, blowcre, OJid com- 
pressors arc workable, feasible in the engineering sense, and are 
worthy of further investigation. Eventual competition of multi- 
ple disk turbomachinery with conventional turbomachinory over 
the majority of the possible use spectrum is not indicated by the 
established results. However, the performance and the ef- 
ficiency of disk turbomachinery may be expected to remain almost 
constant as the machines are made physically very small, in con- 
trast to the rapid decrease of efficiency of conventional turbo- 
machinery with decrease in size. This suggests that the multiple 
disk pump may eventually prove advantageous for very small 
volume pumping applications. 

Further, the results allow the conclusion that disk pumps may 
have on advantage m the pumping of certain exotic fluids having 
density and/or viscosity far from that of water. For any such 
fluid, a combination of geometry and flow parameters exists for a 
multiple disk pump to satisfactorily handle the fluid; it remains 
to be seen whether or not the disk pump can handle fluids and 
powders that are now untenable for conventional pumps, but 
the possibility suggests itself. Eventual applications seem most 
likely to be made in missile and space-age systems, and in other 
special circumstances in which conventional pumps, blowers, and 
compressors are inadequate. 

Experience with the experimental machines indicates that the 
first cost of multiple disk turbomachinery is low compared with 
that of conventional devices, and that they can be manufactured 
in a modest machine shop. This feature may encourage the use 
of such machines even in cases in which there is no performance or 
efficiency advantage; for example, automotive, water, fuel, and 
oil pumps, as the blower in automotive superchargers, and in 
aircraft and automotive refrigeration systems 
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p. R. Cobb 3 

Tiitr author is to be complimented on a line paper whirli ivn.- 
piiics I mill an unaiytifiil and experimental approach to the in- 
vetngaiiou of the problem, it would he in order for him to dis- 
cus.- further the sensitivity of the tiuuh sis of the variability of the 
friction factor / The assumption that it is a constant is ope. i f 
the major assumptions of the analysis. It is haul to determine 

11, e i-nerl or changing this parameter from the limited number * f 
curvits shown in the paper. 

An interesting application of this device has recently appealed 
in the form of the drive motor fm the dentist’s drill. The device 
i£ 0 ii: long and */« in. in dia and tutus at 5(10,000 rpm feu a 
supply of pressure of 85 psi. In addition to using the air as ah 
energy source for driving the motor, the air supply is also used for 
air healings This solves the bearing ploblum which can be- 
come quite nasty with these high speed devices. It is an interest* 
ing application to find a common BubMaiirir for motive force and 
bearing material. 


H. W. Iversen* 

The reported investigation and intcrprelaliuu of tlic disk 
pumjw includes some inconsiHlenciia and omissions that should lie 
reconciled before any claims are made such as. . . “it is possible to 
predict the probable jierformniifie of multiple disk pumps nml 
blowers over n wide range of the use spectrum." 

Table 1 shows test results of a water pump at (wo different 
speeds. The model laws, suggested in the turbulent flow lumly-is 
and used as the bases for Figs. 0 through 2-1 , are, for the same 
pump handling the same fluid, 

Qail and 



Fig. 25 Modal Iowa applied lo reiultf from Toble 1 


When these arc applied to tin* results of Table 1, using the results 
at 3500 rpm (whicli appear to show a more consistent trend than 
those at 5500 rpm) lo predict the performance at 5500 rjmi the 
comparison is shown in Fig. 25. Two conclusions may la* made: 
i.o; Flic reported lest results me not consistent; and (l>) the 
author's proposed analysis does not fit the particular combina- 
tion ami range of conditions for the results of Table 1. Tw«. 
obvious factors may have contributed to this inconsistency. 
One, ns mentioned by the author, is wt vita lion, the other is a 
dependence of the friction factor on the flow mid geometry — a 
Reynolds number dejiemleiice that is not shown in the simple 
model laws as previously stated In fact, some uf the test results 
may have been with partial laminar flow instead of with turbulent 
How am! model laws which then are 

Qail and A/'«0 

However, when the turbulent flow model laws for speed changua 
are applied to the results of Table 2 and of Fig. 5, ft much belter 
agreement is found in which the differences between prediction 
and measured performance at different speeds possibly may be 
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rationalized on the basis of exj>eri mental error. 

In order lo partially sulmtantiale the validity of the numerous A -4 
"design" curves, Figs. 0 tlirougli 21, the author should have made H" I 
n direct comparison between the actual measured performance 
of the units tested and the prujxiscri design functions. Without 
this comparison, mid with the inconsistencies previously descrilied. 
the design curves are of doubtful value. 

Figs. 9 through 24 contain two errors. The parameter for pres- 
sure rise is shown with an r* in the denominator. This should be 
r* according to the proposed analysis, The nt/eciasa is a log 
scale, an awkward scale lo u»c in the pro] meed "design" context 
and a misleading scale with rwqiect U» the general shape of t he* 
parameter curves as compared In the usual linear scale used for 
most pump perfurmimee graphical presentation. In addition, the 
alweissa of some of tliese liguris contains n value of 1.3 ut the ex- 
treme right of each figure. This value should l>e approximately 
4.0 instead of 1.3. 

One feature of the analysis needs clarificetion. T‘he tangential 
velocity relative to the ini|>eller is used, nnnicly (s-ih), as one com- 
ponent of tins total average velocity. While the* sign of this term 
is inunalerial in the sign and magnitude of the square of the term, 
it is or vital inijmrtniirc in the force balance of equation (3), 
where it apjiunrs os Uic first power, In agreement witli a fixed 
reference frame for the force balance, the Uuigential velocity rela- 
tive to the imjicller should lie (12rw). If this is t hr* case, then the 
prnpoacd solutions to equations (3) and (4) are in error. 

F. Kreilh 5 

'I'he author has presented interesting data on the performance 
of one small multiple disk pump and lias also attempted to predict 
the performance of an idealised model of such a device analyti- 
cally. In order to assess the validity of the assumptions made in 
the analysis, and thereby the significance and reliability of the 
predicted results, it may 1/e uf interest to review some related ex- 
periments. 

The author assumes in his analysis that the flow lietwecn auy 
two adjacent disks is steady ami two-dimensional axially BjiTii- 
metric in planes parallel to the disk surface. This would seem 
to imply that the radial velocity profile is equivalent to slug flow, 
with (he radial velocity vector decreasing with the reciprocal of 
the radial distance r in accordance with the requirement of con- 
tinuity. At l he same time it is assumed that a surface shear 
force act.** on the fluid, hut doe* not distort the assumed velocity 
profile. 

To assess the credibility of the flow model assumed by the 
author, Fig. 20 of tliis disrumion shows exjicrimentally measured 
radial velocity profiles at a nmsB-flow rate of 0.04 lb/sec of air 
at normal temperature and pressure Ih* tween two stationary disks 
of 8 in. dia, 0.25 in. apart, witli a central inlet eye of 1 in dia in 
one of l lie two disks. From these measurements, taken at the 
Fniveinity of Colorado hy means of a hot wire, it can Ik* seen that 

VELOCITY PROFILES OF THE FLOW BETWEEN 
THE DISK AND SHROUD AT ZERO ROTATION 


r/r. * I r / r. - 0.7b 



SPACING I 0 i 0 25 •« 0 

radius t 9 * 4 in 

MASS Flow . 0.0405 lb. /nc. 

DIAMETER OF INLET « I in. 

Fi«. 24 Radiol velocity (»roRi*t k#tw*«n two ditkt with towreo flow 

at a radial distance of 1 in. (r/r = 0.25) the radial velocity profile 
Lg skewed and there appears to be some reverse flow near the face 
opposite to the inlet eye. The radial velocity profile near the rim 
appears to approximate a parabola under the loet conditiona. It 
was also observed that there is a qualitative difference in the 
flow characteristics between the disks as the flow changee from 
laminar to turbulent flow. 

Although the flow conditions under which the velocity profiles 
described previously were obtained differ from those for whicli the 
analytical model is intended, the data suggest that an experi- 
mental investigation of the velocity profile between adjacent disks 
in a disk pump should be undertaken in order to verify the 
assumptions made in the analysis. Work along this line is pres- 
ently being planned at the University of Colorado. 

In a research program on a related problem, namely the pump- 
ing action of a single diBk rotating between stationary shrouds 
witli central eye inlets, it ha* l»een observed [10, llj* that the 

J Yisitin|: I'roff'wir of F.iiginoonng. Vnivemitv of ('alifoniia 
Lon Aiuri fc.', Calif. Mem. ASMF. 

* Nmnliera in brackets designs!* Additional References at l Tip end 
of this discussion. 









/low induced by a rotating disk may not always be sternly and 
that tiit? pressure loss in the inlet section mny be appreciable. 
It would, therefore, tw of interest to know whether or not periodic 
flow as observed in reference [10] with a single disk pump can also 
occur in a multiple disk pump and what the order of magnitude 
of the inlet loss is. The assumption made in the analysis that 
"the flow acceleration from the inlet stagnation Btatc to the 
radial velocity necessary to euter betwecD the disks is reversible,” 
may be subject to considerable error in most practical designs 
which will involve turning the flow through ninety deg and pass- 
ing the fluid through a restriction in the inlet line. This condi- 
tion may also leud to cavitation. Moreover, experiments re- 
ported in reference [12] indicate that in addition to the ratio 
of the disk radius to the clearance space, also the thickness of the 
disk rim may influence the fiuw dm me ter is tics uf a multiple disk 
pump. The empirical friction factor / could, of course, be ad- 
justed so as to achieve a satisfactory correlation of tost results, 
hut in order to make a rational estimate of the performance of a 
multiple disk pump or compressor it will be necessary to calculate 
the actual value of / from the system geometry and operating 
conditions Although disk pumjis and compressors may have 
certain practical applications, it appears that an evaluation of the 
efficiency of an actual device cannot be made on the basis of the 
material presented in this paper, but must await, additional ex- 
periments and analyses, 


Additional R*Far*nc«« 

10 L. A, Maroti, C. Desk, and F. Krvilli, "Flow Phenomena of 
Partially Enclosed Rotating Disks," Journal of lia*ic finylnecrinp, 
Tuans. ASME, Series D, vol. 82, JOGCI, pp. 217-232. 

11 F. Krciih, E. DoujfJuunn, and JL Koxlowxki, "Mass and IIwO 
Transfer From an Enclosed Rotating Disk With and Without Source 
Flow," Journal of Ural Trantfcr, Trans. ASME, Series C, vol. 85, 
1003, pi>. 163-103. 

12 P. D. Richardson, "Studies of the Flow and Ileal Transfer 
Associated With a Rotating Disk," PhD thesis, University of I^ondon. 
Loudon, England, 1053. 

Author's Closure 

The attention given the pajier by the discussers is appreciated 
by the author. 

The error* in Figs. 9 through 24 pointed out by Professor 
Ivcraen are due to negligent checking of the drawing* by the 
author and arc much regretted. The u*e of a log scale for the 
ulmcimn docs not seem misleading or awkward to the author. 
The signs as given in equation (3) and the solutions to equations 
(3) and (-1) are correct. .As a check of the matter of signs in 
equation (3), the first two terms are positive quantities while the 
third term is a negative quant ily, rb required for satisfaction of 
the equation. 


One would not expect the model laws applied liy Prof. H W. 
Ivereen to correlate the test data since they apply only to the 
idealised model. The very large looses at the iniet, in the diffuser, 
at the rotor edge, and in the bearings of the actual machine cause 
it to follow much modified laws 

The investigation reported was designed to determine the 
feasibility of multiple disk lurbomarhincry; practically no in- 
formation was available concerning this question. While fully 
recognizing the weaknesses of the analysis and the mcagcrncss of 
the experimental data, the author feels that together they pro- 
vide a considerable aid to the ''design" of further ex|>erimcntal 
devices. In the design of multiple disk lurlNimnchinery, one is 
not trying to optimize but ra ther is trying to originate a configura- 
tion which will j>erform the intended function well enough to ena- 
ble one to learn more about it. 

The data and remarks presented by Prof. F. Ivrcilh indicate 
some of the ways in which future analyses can be made to better 
approximate real machine performance. The author hopefully 
expects the appearance of experimental and analytical informa- 
tion coueeming multifile disk devices which will enable engineer- 
ing applications of them, The first sentence of Prof, F. KreilhV 
discussion corresponds with the spirit in which the paper wan 
presented. 
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An unconventional type of turbomachinery employing a rotor composed of smooth disks 
is described and the history and motive principle of such devices are briefly discussed. 
Several experimental multiple-disk air turbines are described and data showing the 
performance and efficiency of the turbines are presented. ■ A maihemaiical model of 
a multiple-disk turbine is described. The equations of motion are written for the 
flow of an incompressible fluid between the disks, and parameters describing the effi- 
ciency- and performance of the turbine, in the absence of losses external to the rotor, 
are derived. The solution for the equation of motion and the performance parameters, 
obtained by computation with an IBM 704, are summarized, discussed, and referenced. 
The results indicate that multiple-disk turbines may be attractive in the low-power 
part of the turbine spectrum , or where first cost is a prime factor, or where the properties 
of the working fluid cause conventional turbines to be inadequate. 


table 1 Representative performance dota from firit diik turbine. Operated with exhayit | 0 otmoi- 
A**eve, air-inlet temperature of approximate V 100 f, and vti ng fS-dpff nozzle* remitting of drili+d 
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-Nomenclature* 


b - distance between adjacent diskB r 

f * friction factor, further defined in 

context T 

j> = pressure u 

4p„ = pressure change across nozzles r 

Ay. * pressure change across rotor, from 

periphery to position x ft’ 

Ap, w A p„ + Ap r , total -pressu re change x 

across nozzles and rotor 

(J - volume flow rate y 


radial position coordinate, from 
center of disks 
torque 

velocity component in r-di recti on 
velocity component in 0-direc- 
tion 

work per unit mass 
r/r*, dimensionless radial posi- 
tion coordinate 

v/vd, dimensionless velocity com- 


ponent in 0-direction 
q *<= efficiency, further defined in con- 
text 

ft - angular velocity of disks 
p ■= density of fluid 
t “ shear Btress, further defined in 
context 

6 *= angular position coordinate 
Subscript 0 denotes value at outer 
radius 


Introduction 

In conventional turbomachinery, momentum ex- 
change between the fluid and the rotor is effected by providing 
blades or shaped passages to deflect and constrain the flow in the 
rotor. The resulting .force is from the pressure distribution over 
the surface of the rotor. In some turbomachinery, how-ever, such 
as the conventional drag turbine, force on the rotor is due to 
shear stress over the rotor surface and no constraining blades or 
passages are present. 

There exists a type of turbomacliinery rotor essentially different 
from conventional bladed or vaned rotors and also very differ- 
ent from the conventional drag-turbine rotor, both in configura- 
tion and in effects. This is the multiple-disk rotor, consisting of a 
number of thin, smooth, flat, parallel disks arranged normal to a 
shaft and fastened rigidly to it with small spaces between the 
disks. Holes or slots are provided in the disks near the shaft. 
This type of rotor, with appropriate housings, can be used to form 
hydraulic and gas turbines, hydraulic pumps, and gas compres- 
sors. A view of such a rotor is presented in Fig. 1. A schematic 
diagram of a turbine using a disk rotor is given in Fig. 2. The 
rotor is enclosed in a housing provided with bearings, housing- 
to-rotor seals, and fluid-injection nozzles. Fluid enters the turbine 
through the nozzles and is injected into the spaces between the 
disks in a direction approximately tangential to the rotor periph- 
ery*. The fluid follows a spiral path between the disks and finally 
exhausts from the rotor through the holes or slots near the shaft. 
During passage through the rotor the fluid exerts shear Btress on 
the disk surfaces, giving rise to a force on the rotor resulting in a 
net torque at the turbine shaft In 60 doing, the fluid loses energy 
and exhausts from the turbine at an energy state lower titan that 
at which it entered the turbine nozzles. 

The origins of the idea for such a rotor are somewhat obscure. 
The firet definitive United States patents involving the rotor were 
issued to N. Tesla (l) 1 in 1913, covering both turbine and pump 
applications of the rotor. The inventor did not seriously at- 



Fig. 1 Typical rotor of a dilk-typa lurbomachir, • 


tempt to exploit the devices and the principle has received little 
attention and published engineering investigation. A public 
demonstration of a disk turbine was given by Tesla prior to the 
issue of patents and was widely reported in the semitechaical 
press of that time [2, 3]. Several writers offered explanations 
of the motive principle and brief analyses of the flow process 
within the rotor [4, 5] . More recently, several investigators have 
reported experimental data from muitiple-disk turbines [6, 7j . 

A continuing analytical and experimental investigation of 
multiple-disk turbomachinery was begun in 195S by the author 
with the objectives of determining the feasibility of Buch ma- 
chinery. The investigation resulted in the design, construction, 
and testing of a variety of experimental air turbines and air com- 
pressors, and a liquid pump using multiple-disk rotors.* 


Contributed by the Hydraulic Division and presented at the Win- 
ter Annual Meeting. Philadelphia, Pa., November 17-22, 1963. of 
The American Society or Mechanical Engineers. Manuscript 
rereived at ASME Headquarters, August 7, 1963. Paper No. 63 — 
WA-127. 


! Numbers in brackets designate References at end Of paper. 

* The investigation reported herein was sponsored by Texas 
Instruments Incorporated, Dallas, Texas. 
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Fig. 2 Sehomatic diagram of turbin* tiling a d , t k rotor 


Analyses of disk turbonmehinery were also performed m thc 
course of (he investigation. The equuliuns of motK.j; ,,f the 
fluid while between the disks were written and solved fi r v..- mse 
of an incompressible fluid in the turbine mode nf npp'.s.-itmn. 
The results describe the performance and efin-ien. \ <.f the 

idealized multiple-disk turbine for any i net impressible fluid speed, 
flow, rate, rotor geometry, and size in terms of dimensemi— s per- 
formance parameters. 

All of the machines constructed performed the fdn/ti..us for 
which they were intended. The test results and the ana;;, ses in- 
dicate that multiple-disk turboinacliines are feasible. t:uv offer 
attractive performance in certain appliratm.is, and are worthy of 
further investigation. This paper presents the results of testing 
the several multiple-disk turbines and the most informative and 
useful of the analyses. 

Experimental Multiple-Disk Turbines 

Six disk turbines were constructed, of which the three most in- 
teresting are described here. 

The first turbine constructed was designed from the inventor’s 
descriptions, before the results of the analytical portion of the in- 
vestigation were available. The turbine operated on compressed 
air, exhausting to the atmosphere. The rotor was 7 in. dia, conv 
l*osed of 9 disks each */» in. thick with spacing between 

the disks. Each space between disfks was supplied individually 
with air through a single nozzle directed at an angle of 15 deg 
from the tangential direction. The nozzles were placed in two 
groups *t opposite sides of the rotor to produce t.hc effect of a pure 
couple on the rotor, with no axial or radial load imposed on the 
bearings duo to the flow. 


Tlit turbine wag built entire! v uf mild steel, using ball bearing 
with let provision for continuous lubrication. The air exhausting 
from thr rotor was collected from the hearing housings into a 
single exhaust pi j x-. 

'tie - of the results nhbiineil from the tasting of this turbind 
are given in Table 1, in which the test, conditions are included. 
In the table and throughout ihe later reported results, the effi- 
ciency of a turbine is defined as 

actual shaft work per unit mass 
ideal work per unit mass 

in which the ideal work is that of an ise.nt.ru) lie expansion from 
the actual turbine-inlet temperature and pressure to the actual 
turbine-exhaust pressure, with zero velocity assigned the flow at 
Hie beginning and end of the isentn pie expansion The data re; 
ported in Table 1 jicrtain to the lirst turbine constructed, oper- 
ated with nozzles consisting of drilled holes. 

The same turbine was later unrated wit 1 1 nozzles especially 
designed to produce siqtersonic nozzle exit velocities with reasons- 
bfv uniform flow fields. Further, various nozzle angles were 
used in subsequent testing of this turbine. In no case did these 
modifications improve the turbine performance although thr per- 
formance indicated in Table I was equalled wit Is several of the 
modified nozzle arrangements !$. 9], 

The same turbine was further modified by increasing the num- 
ber of disks to 11 and reducing the spaces between the disks to 
O.Oflj in., holding the overall mtur w idth essentiallv the same as i» 
the itriginal turbine. Table 2 presents some of the results of 
tpsting of the turbine with the modified rotor. 

The analyses perfurmed :-.s a part uf this investigation in- 
di-rpc that disk turbine? raa be rksigncrl and opera if >d over # 
ranee extending from an ;i!nv>-r pur** impulse type of nperutioD 
to an almost wholly reaction type of operation. A cniitpnriMM 
m the operational parameters for the first turbine with the cor- 
responding trortfons of the finrtlyses revealed that ihe turbine wsil 
nn almost pure impulse turbine, with a large pressure drop in th* 
nuzzles and a very small pressure drop in the rotor. The com- 
parison also revealed that the geometry, flow rate, :.n ! speed 
laimhinutiun used in the turbine were not near tie.-,- indicated 
be tbo analyses fi.r ojitimniii turbine efhciesW } . 

(. onpecjiiently, four other air t urbines were i j. pro- 

gressively iiHor(M)rating the exjieriem e gainei! in ears* v.-rs'ems 
and the quantitative informal tun provided by the final. ?•■■=. Tito 
last mid must successful of t liege turbines is referred as tlm 

second turbine (for which perfuniinnce is rquirled 1 c- 3 am! 
I present views of this turbine. 

The second turbine used a rotor of 8 in. din cun. "t 2 1 
disks with 0.112(1 in. lliick ttud spaced 0.020 in. apart T;.e --u»«t- 
tvlge diameter of the cvhuusl slots was 1.32 in. Tim :u:t me was 
supplied with air through two slots extending the wid’h of the 
tutor and arranged hi opj>o>in- side-; of the rotor l -' maintain a 
pure couple loading Tbit" each space 1 ml ween th>- 'i>ks tvii* 
supplied w ith air hum two slot* simultaneously 

Tin: slots directed the ait into the rotor at an angle • : 1 deg 

from the tangential direction. The turbine, was p r v: :•••} with 
ball 1 Mailings and with an oil-mist lubrication sysle:*.. It was 


further provided with carbon-ring seeds between the housing and 
the rotor u< reduce air ieakage arr>und the rotor, Four very small 
through-bolts wore used in the rotor at about midradius to main- 
tain correct disk apacing and prevent disk flutter. The turbine 
whs const rue ttxl of mild steel except that the disks were uf stain- 
less stet ! 

The turbine wits te?;**d exhaustively over a period of about 
200 hr >■! running tin it- In testing, compressed air was supplied 
to the turbine with exhaust to the atmosphere. Figs. 5 and 0 
present .-"me of the lest result? obtained with thr* ]>ertinent test 
conditions indicated. 

The turbine was mostly impulsive but partly reactive in opera- 
tion as indicated both by comparison with the analyses and by 
direct measurement of the pressure distribution within the tur- 
bine. Limitations of teat facilities prevented performance 
measurements in some of the most interesting areas of the per- 
formance map, but the results presented establish ( Uie current 
performance level of multiple-disk turbines. It is a certainty 
that more efficient muhipiodisk turbines, of the same power, can 
be built of smaller Bize, to operate at much higher speeds. 

The power output of the turbines described was purposely 
limited by the extremely small nuzzles and airflow rates, since 
the multiple-dink turbine is likely to find its first use in the low- 
power output-high energv input applications. As defined in the 
nomenclature of conventional turbines, the disk turbines reported 
herein had an admission of a fraction of 1 percent. If deaired, 
the power output of any of the turbines reported could be in- 
creased manyfold simply by iucreasmg the total airflow rate. 

The third disk turbine described here was a special purjxise 
turhjne designed specifically to demonstrate one of tlve possible 
variations of this and other turbomachinery, not bo far exploited 
extensively. The effect deaired, and obtained, was the eepara 
lion of an air supply at high pressure and room temperature into 
two streams, each at lower pressure, but at two temperatures, one 
above and one below the temperature or the air supply. 

The third disk turbine was essentially two separate diek-tur- 
binc rotors on a single shah, in a single housing. In this case the 
shaft was hollow, a? an additional experimental variation of prac- 
tical disk-furbomnehinery geometry. One of the rotors was pro- 
vided with nozzles tending to rotate the Bfiafl in one direction, 
while the <>lbcr rotor had nuzzles tending to cause rotation in the 
other direction. Separate air-supply controls and separate ex- • 
haust systems for the rotors were provided (the latter being the 
hollow shafts extending from the mad line). In operation, the 
rotors were supplied with air at different pressures (or the same 
pressures, with different flow rates, alternatively). The entire 

system o/ rotor* then rotated in s preferred direction, with one 
rotor producing and the other absorbing work. The speed and 
exhaust temperatures were determined by the increase or decrease 
of air to the work -absorbing rotor. Speeds to <1(1,000 rpm were 
obtained in testing and the lenifieratiire difference earlier men- 
tioned whs obtained 


Analytical Development 

The experimental machines dr*? rilwd l>eing air turbine?. a 
proper analysis of the flow within the rotor would require me 
solving of the equations descripme of the flow of a vision? cp**- 
pressible fluid within the geometry of the spar,© between the d.j a. 
While many approaches to such an analysis can be made, a rather 
crude idealization of the real flow problem was chosen &s the 
mathematical model, in keeping with the ''feasibility - ' nature of 
the investigation. The luAthemati'-al model on width the anal- 
ysis is based is a compromise between tin* need for accurate de- 
scription of the problem and the need fur manageable, interpreta- 
ble results. 

Consequently, the real multiple-disk turbine is replaced in the 
analysis with a mental model consisting of u single pair of disks, 
supplier] with fluid through reversible nozzle©, operating with no 
friction between the rotor and housing or at the bearings and 
Beals, and exhausting to a stagnant atmosphere through a re- 
versible diffuser. Fluid friction is accounted for only within the 
disk spaces, where it gives rise to the motive mechanism. lie- 
tween the disks, the frictional characteristics of the system are de- 
scribed through the use of a "friction factor" assumed to be con- 
stant throughout the passage Lastly, the driving fluid i« as- 
sumed to be incompressible. 

Such an analysis is not expected to correspond closely with 
the real air-turbine performance earlier presented However, the 
analysis indicates the approximate upper limits of performance 
and efficiency possible in multiple-disk turbines and displays the 
maimer in which the performance and efficiency vary with tur- 
bine geometry and operational parameters. Further, the anal- 
ysis gives some insight into the nature of the flow prof'eases within 
(he rotor and the range of phenomena encountered over the opera- 
tional spectrum of multiple-disk turbines. 

It has been demonstrated [81 that the analysis can be used to 
enable the prediction of the performance and efficiency of mul- 
tiple-disk turbines when used with conventional ■loss" data for 
the components of a turbine other than the rotor, provided that 
compressibility effects are not large. Such procedure is lengthy, 
as with conventional turboniHchinerv, and is not discussed fur- 
ther. 
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Analytical Problem Statement 

The steady flow of an incompressible fluid is considered, sup- 
plied from stagnation conditions through one-dimensional fric- 
timilt*r*> nozzles to tlie spaces lietween rotating disks. The fluid is 
supplied uniformly at the outer radius of the disks, approximately 
ti.np Htially (a radial component is required to introduce the 
f " tween the disks). "The fluid occupies the entire space be- 
; ,m m the disks and is considered os two-dimensional in the plane 
ut i h<- disks and axially symmetric. The disks are smooth, 
ji-aiif. pantile], and rotating with constant angular velocity. The 
entire nuor is contained within a housing which is considered to 
offer no restraining torque and to allow no leakage around the 
rotor. The fluid exhaust© uniformly at the inner exhaust 
radius. 

/( is only necessary to consider a single space bet ivetm two ad- 


Tabl* 2 Rsprstanlativ* performance data from first disk turbin* modified to incraot* numbir of 
disks, oporolod with vxhausf to atmosphar* and using I0-d«g noxxUt consisting of drilled hoist 
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Fig. 4 Disassembled view of turbine pictured in Fig. 3 



fig. 3 Air turbine using o disk rotor 
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Fig. 5 Power-speed characteristics of second air turbine, at selected 
input pressures 
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Fig. 6 Efficiency -speed characteristics of second air turbine at selected 
Input pressures 
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■! i * disk?, and the nozzle supplying tin- fluid to this spare. since 
■ orhine is merely >4 number of such dements in parallel. 
r the following, tlie princes occurring in the space between 
asks is first analyzed. Using the results, the overall tur- 


nii.i performance is then considered. 


tind 


I 

p tir 

These ate the equa: 


? 4 ««r- 


mi 


Equations of Motion of Fluid Between Disks 

Under the idealizations made the equations of motion for the 
fluid ['it ween the disks can be written Tig. 7 depicts the plan 
fur:: .rf t he disks and n fixed coordinate system. 

So. - si*i derivatives witii reflect to time and 6 are zero. the 
( ..' ■ • 1 1 1 1 1 ^ of hi ceier.it ion for a general element are 


Solution of Equations of Motion 

Equations {]) and (2) were solved through use of an IBM 7Ui 
digital Nunpiilt r In order to retain generality, the equations 
were first rendered dimon-ionii through introduction of x 
and 1 / as the de •-m-ionlc's distame and dimension leas 0 -eompo- 
nent of veil*, if. , <■(•«]>• ■ treeiy. Further, the e< ml inui ty stnte- 


r-direetinn 


<tn 

dr 


. .. Q 
2-Fbr : x 


(lv «r 

p-directicm: 11 7 + 

dr r 

The m ccleralion occurs under the action of surface and body 
mo cs on the fluid clement. Body forces arc neglected herein 
and 1 ! .0 forces considered are due entirely to pressure and shear 
stri-.- acting on the surface of an element. These forces tan be 
t *1 in rigorous fashion but to do £0 lends to equations -if 
go .* ri.atiiematieiil complexity, inconsistent with the aim ..f a 
firs* analysis. Therefore, following a suggestion made to the 
writer by A. Shapiro, a fluid element is chosen bounded by the 
s< '.id disk surfaces (an element of fume thickness b). The shear 
Ur-es on this element are accounted for by expressing the shear 
stress at the surfaces in contact between the fluid and the dis*s 
it; terms of a factor / according to the conventional hydraulic 
treatment, of bulk flow. Other surfaces of the fluid dement 
me considered to contribute no net shear force on the fluid eh- 

.. arri\e fit a statement of the shear stress, Use fluid element 
1 : :■ : ;r coordinates) is considered, and the hydraulic diameter 
ll< .w passage is easily di«*\vn to he approximated by 2b. 



Fig. 7 Disk g«om*try and toordinute syitem 

It then follows, in the usual manner of hydraulic analysis, that 
/ and r are related by 

T - r - Ur)> + n>] 
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The dimensionless parameters whic h appear in e(]Uiiti> »ti5 <Tt) 
and (4) are legitimate turbine-operation paramclers and he utne 
the variable* in terms of which the analytical results cun he re- 
lated to actual turbine conditions. 

Equation (3) deacriltes the kinematic behavior of the fluid 
in the flow through the turbine while equation (4) describes the 
pressure change resulting along radial lines in Hie fluid flow. 

Equal ions (3) and (4) were presented to the digital, computer 
witii the Ixmndarv condition y (U = 1 . The equations were 
solved for all possible combinations of the parameters given in 
Table 3. In cjidi solution, corresponding values of x and y 
were tabulated, together with a value of ^p./pilh^ at Ca* h value 
of t where Ap r is the accumulated pressure change in the flow 
between I he disks. 


Tab)* 3 Oim*nti»n)*i$ paratw*t*r* and valo*i t*l*c<*d for calculation* 

I.- Q/l)r ■ 

oil (1 3 O.OtJuu! 

j (x ) (i ti O.tHHi; 

•AH) II v O.tMl 

1 (i n tn 

l _> u m 

15 1 .0 


Development of Turbine- Performance Parameters 

An expression fur the pressure change of the fluid in the nozzles 
was written from conventional one-dimensional hydraulic? as 


n.'m 

Dll. 1 

(mi:; 

(i.u.'i 


eince the bracketed term is tiie square of the fluid velocity rela- 
tive to the walls of the flow passage; that is, the bracketed term 
is the square of the relative velocity of the fluid witii respect to 
the disks It follows that the force on a fluid element due to the 
shear stress is, in the direction opposite that of the relative ve- 
locity, 

^ [tr - SV;’ 4- n*JrdMr 


shoe the stress a-is on tho two faces of the element in contact 
with the disks. This shear force has the components: 
r-direc.tion ; 


jp'.ii ■ — ffr - •i i }uriiOdr 
4 [{v - !>}* 4- ir; : 1 


U> 

A 


\{r ~ Ur ) 1 -f uT : nxiOdr 


0 -direction: 

_ fwr.ty J,,. _ r>r>* 4- u l ] l ,1 rd6dr 

'hue remaining surface for.-es, due to pressure, are wrilien in the 
usual way from the pressure gradient. In the 0 -dire. lion, tie- 
pressure gradient is zero because uf axial symmetry. Thus 
the forces due to pressure become 

r-di reel ion: — ~~ brdOdr 

dr 






2vrU.' 


from continuity. In dimensionless form 


p\>w 2 


\ 2 irbr 6 V./ j 


’f he addition of this function Sp r /pilh 0 5 obtained :i; the 

nmnericiil sulution of equation (4) st endt value of x yielded a 
value of Hp./pilb^, the dimeiisionSi-s? pressure ehamt' tim 
flow through the entire turbine at each value of jC, for every com- 
bination of parameters in Table 3. No dilTuser pressure re- 
covery in the exhaust process was assumed; the kinetic cnergv 
of the fluid exhausting from between the disks was cmiseWed 
to be dissipated irreversibly. 

The torque exerted by the fluid on the disks is expressed : 

J ■ = ~(p: - 1 : r i)(Jp 


Iii dimensionless iurn,, this becomes 



0-ilircctioii: 0 

'J'ho developia! tones and aerderations are now inserted into 
New ton’s law u> oiUain the scalar equnt ions 


ff . 

: ! 
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From equation (5). since jmwer is given by the product of torque 
MU' 1 angular velo-jiy. the work done by the fluid per unit mass 
on Urn disks, in dimensionless form, is 


ir 

UV[,- 



(®) 


- phidrdO v 


'•I 


The function Ap ; ‘p S. fl r,r was earlier derived. This function 
represents tlie dimensionles? available energy of a unit mass of 
fluid supplied to the turbine. The turbine etliciency is defined 

S3 


_ .' f> b- i'l.i; - ' t - Ih '■ 4 -1 1 'urdnlQ 

u- ' 4 

ahnlrtlO J u ■ 

L « v 

in the tUind flucti-ns, rcspccrivch . These simplify to 

,)l ... ! _. •. ' _ " ,r) he - U-r 4- «*]’■’ # b 

tir ' r 4U; 



M) 


11 

Ap,/p 

Il'/flV 
±pJp(\W 
(t- Ur c ) (l — xy) 
Spt/piihe* 


( 7 ) 


Values of the torque function from equation (5) and of the 
eiitcicmy rj. were computed at each value of x for each combina- 
tion of the parameters listed in Table 3. 


Results of Analysis 

The complete results of the computations consist of one data 
sheet for cadi possible combination of the dimensionless varuiblen 
listed in Table 3. Each sheet present* x as the argument with 
the resulting values of y, ApppIBr#*, 7 ? and dimensionless torque 
and power functions These results are too voluminous to bfl 
reproduced here ;iO], 

A Bingle repm-entative case, which is typical of the basic rfr 
suits obtaimsi, is given in Fig. 8, plotted for / = 0 02, r„/i> 
= .V), ibc/i't = l.Od, and Q UV = 0.00001. A maximum value 
of r) occurs at a definite value of x, with a corresponding value of 
A/vpUV,,*. Tlie value of x at which tlie maximum value of 
tj occurs is the dimensionless inner radius of the disks resulting 
in greatest oftiviem y. In general, this value of x is different for 
each combination of the basic parameters in Table 3. The cor- 
responding value r.f A/v'pUby gives tlie dimensionless pressure 
which inti*. I U' supplied to drive the flow through the turbine. 

Using the maximum values of rj and the corresponding values 
of A/v'pUVU, curves such as presented in Figs. 0 and 10 result 
These, curves arc typical and arc plotter! for / = 0.0.' and 
r c b r-. H). 

In every case, efficiency decreases as the volume flow-rate pa- 
rameter increase? The dirnciisionless velocity ratio i lr o/vi 

resulting in the highest effi'-iency increases with decreased Q/iW 
to a limiting value of ) a* Q-V. r v * apjiroaches zero For value* 
of Q Jlr„* <001, tj i^ sensibly independent of r P /6, but the iireasure- 
change parameter Aj>,/pUb„* is not ami incrcjiaes Bigniflcantly 
with increasing r- b for Q If'; 1 > 0.00 1 

Jn general, 7} increases with increased friction parameter j. 
F<>r Q ilrc* < 0 0 ! , the pressure-change parameter Ap./pUVi* 
decreases with ite reusing b but increase? witii / for larger values 

ti.e lliiw-riife p ir.imeter 

Tin* .onqilet" r*-Milt? > ■< ui^tililfw 11 genera! quantitative on r re- 
la ri* ill of the dmieiisionlc?? panuiuUers which determine disk- 
turbine jK‘rfnrin:tii'-e, if W?e? external to the rotor are not con- 
sidered Tn a spo.ifie case, the results enable the proper choice 
of inner and outer disk radii, disk spacing, angular velocity, nozzle 
velocity, lluid fUw rale, and ojK-ratmg pressure to produce an? 
chosen performance wiibin the capabilities of a disk rotor. The 
nui’iber of disks which must be incorjx.ratcd in a complete tur- 



Fig. 8 Typical tatulion of agnation* daicribing turbine performance 
Plotted for f - 0.02, r„/b - 50. 1 »r../v,., = 1.00, and Of Hr 3 = 0.00001 


: i"l<tr to provide desir-1 rotor power m:i> of c ■ o i r st- be eom- 

j. ,-i i since the power fro:., "tic disk space is known 

I l r results show that the flow l»etweeii ttie disk- as aiudymt 
: -r** docs not always produce a ‘’turbine" effect : tbat is, the 
t-reci of work done by the fluid cm the disks Instead, for some 
mihinnlions of the parameters in Table 3, energy is absorbed 
from tlie disks, resulting in a "raditil inflow compressor" ot tic 
disk tvjte. The efficiency a? a compressor i? very low in this case. 
Further, in some cases, compression occurs in the outer elements 

the riiak apace while the remaining element? produce a tur- 
bine effect, the overall r> ' r producing a net turbine effort In 
t:.r desirable cases, howe.-r, every part of the flow performs as 
a turbine. 

Discussion 

The experimental results together witii the analysis ideariy 
show the, feasibility of multiple-disk turbinee. liie "losses 
in a disk turbine, exclusive M the rotor, can lie categorized as 

1 Energy dissipated dm- to shear forces on the outer surface 
of the rotor, both on the ri les of tlie outer disk? and the edges 
"i ail the disks. 

Losses of available en-rgv due to irreversibility of the no/- 
zic- -Upplying fluid to the r. 

3 Losses of available energv ill the exhaust prmc- dtic f" 
uncontrolled diffusion. 

4 Bearing losses and loss-.-s from seals. 

o Losses due to parti.-.! admission and adini?si"n |> ! o'-k-tge 
Caused by finite thickness of disks. 

Most of these losses cat: I>e estimated by metboils available 
in the engineering liternt':--- When used in roupin' ti >n with 
th“ result? of the disk-tur; ;■ analvsis, tb-e loss c«tn:. •=■<■< p-soU 
hi prediction of the at : o.ximate jicri'otrnaiice - f m actual 
di-- turbine correspond inc .x it 1 • any ebosen combin u: -n *»f tbe 
lco -i -i inters used in the dysi*. for 'uri'ines in wl.i- I- com- 



P r '--'ii»i;si v efleits are sc ■. 

It i? here pointed up n. 
the foregoing is a slowly ire 
ft" 'tie power < ititpiM and p 
”* fi'-refore disk tml'ip.os - 
f‘ti- icn<",- : ,<* \ he t nrl i i : i < ■ s : . 
"iivwili. -ti;, 1 hlndcd 


•it*’ shim ot tfif* losses er 
iSlUU Iruit H -H .,! lilt; ttv:'. 
•ii'fil si ze of 1 hr- ttirliine 
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Frjj. 9{ Typitol resulll for moimurn *fftci#nty at a function of flow rale 
ond Ipeed poromelert. Plotted for f - 0.05, r /t — 50 
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Fig. 10 Typical results for pressure-change parameter at □ function of 
flow rote ond tpeed parameiert. Plotted for ( -- 0.05, r,/b = 50 

frni'tinn r *f llrf- available energy, in* reuse rapidly as turbine si/.c 
is i ! Ci : reused, lnwaiise of the inerrused rutin of welled she;r : ■. r ■ ■ i 
to fluid through-flow urea within tl.«* rotor and hnnsiiu: r : i *-i ■ jin - 
blade passages. 

Primarily for this re:i.**.Ji, the multiple-disk turbine is ebvuiy 
not competitive with convent jona) turbine:? over the m:...**r pm 
bon of the power-size spectroni, hut. nur. become enimiebbve 
in the high energy input-low power output part uf the sp- inn,. 
Il is suggested tjiat it mav find us*- .dsu with fluids with dvr.-itv 
and. or visr-osii far from that of air, sui-h as ccrlain o.mi- fluids 
considered for riitatlc fmxiiiury drives «nd for working fluids in 
spate and dateline power eyi-ltfs. 

Il is conceivable that, the multiple-disk turbine will Mini ap- 
plication in ea*e= iii which it is mi* < cupei n ive in ] *e-: f . ■ e t ; n - ; , ■ * mu 
cflieieney, fiei ause of advantages in first tost, ease of n.utiiif.n - 
lure, low noise level, ami ease of l>«)niu*mg Significant advan- 
tages in e.i'h of these areas wereatm t r *-u 1 in i he experimental w«*rk 


liereiti reported It is probable ...it such turbines could tr .-.ed 
a t it ci is t- advantage as drive m.r* tn high-speed testing <•:’ • ro.-r 
n.athuLvry in labora tones uud -dueti. m testing, as : r3 S- 
approaeli’' turbines in ground t<.*'ing ,.f • witie-Hiiid" . 
and as drive units* in .ur ton’s ;• ’aiding denial drills ■ . m 

atiloiuot i vc and aircrai’ ••uxiiiriri-- 

ll may be possible f- idu.t .. t .»• In at ml ary- liiyer-ty [ -.■ ..a d- 
ysis i>f the flow wit;,-,', the c - * of a rmdlipfi-di.sk : ,:,c 


Such jin analysis has t ■►■v :* pert *...*/ for a multiplo-di.-!-. • . ■ . j t 
Jllj. ! ApLTlioenl ill ie.\ "Si igup * if 8U c ! i pumps ha.- 
been reported [12, Id' 
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DISCUSSION 
S. H. Hasinger 3 and L, G. Kehrt s 

Since Profesflnr Rice ’reals the f *.v in his atialvsi** as tu'i- hont, 
he apparently dunanm fully tippr* .be the liasie rcijuirei:.* i" * of 
efficient shear-furce tiiailtidisk i "urbotnachinea, namely, verv 
plose disk Aparin g and small ve ■ -ity difTerencps betwe-y. r r,e 

fluid and the shear surfa es. Tin— .ire condition* which ?*. .... 

flow bettvt'cn the disk, in general, i ir.unar. 

Fmm the fiiiidaiiient.d niomentum eousidcnUions it folio"”* * L-st 
in any device which triOsfers energy by shear forces the r--l^-;vf 


1 Tusk Seiet; fists, Aer.'>-; ice T,«bf>rat/,rie>, Onirr * A---r,ji 

apace Reseurch, Uniteu >*a*es Air F Wright- l'aMprson A - ; -ce 
Base, Ohio. 


ve'imity U-lwueu tnv driving medium uml the driven tnedmni 
inus* b<* small, if the transfer should be efti. '.ent. Thus ti if- n.-.-es- 
sar>- forces must be derived from large shear HtirfaceH rat!n*r tluin 
large velocity diJIc/cnres (for jmwor c-iucenlmt ion at the ex- 
pense of efficient y. "f cmirsc, the reverse is true). The condition* 
fur high efiieirncies are, liowover, inducive to laminar flow, For 
this reason, nur analytical treatment of a shem-forcc pump [12] 
was baazal on laminar fletr conditions. J?.- the course of these in- 
vc.stigalioiifl ,w were abb- to show that turbulent flow conditions 
may exist only in relatively large pumps. Our theoretical in- 
vcf ligations show * learly the need f<n very close disk spacing. 
CharaelerisUe daf.i for *>ur test rotor are; (JD 4 in.; iff 1 in.; 
174 diBkfl spaced at 0.007 in.; rotor efficiency f>4 percent at 4500 
rpm. A recent test with modified rotor iuiel gave 00 percent 
rotor efficiency. 

The conventional friction factor applied in Professor Rice's 
analysis is very inconvenient to use in the laminar case since it 
becomes strongly influenced by the Reynolds number. The 
basic approach used in nur pump analysis |1'J] should be equally 
slidable for the turbine. This engineering type analysis, which 
us based upon angular momentum considerations, avoids the in- 
volved mathematics of n boundary layer calculation by assuming 
parabolic velocity profiles. The mathematical simplicity of I lie 
analysis allows by slide rule calculations a concise survey * f the 
performance potential of a disk pump. Tiie generality of this 
analysis ib insured by incorporating a similarity parameter which 
resulted from t lie exaH boundary-Jaycr tyjx* in vest igatmnH of the 
How between rotating disks by Breiter and Pohl hausen [II] 
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Author’s Closure 

The analysis presented in no w ay assumes the How in the multi- 
ple-disk turbine turbulent, rather the friction factor / is 
retained as a parameter in the solution. It is true that the 
analysis would be less realist ir- for laminar than for turbulent flow 
because the value of / ie assumed constant over the disk radius. 
Since the local Reynolds number varies over the disk radius, the 
friction fac tor m a mil disk turbine varies much more over the 
disk radius for laminar than for turbulent flow. In either cuse fj 
one must regard the / fac tor used in the analysis as a representa- 
tive or mean value fur the entire disk flow system. 

As sin >wn in the example ease presented in Fig. 9, the maximum 
offb ietii-y for a multiple-disk turbine occurs for io« relative 
velocity of the fluid with respect U> the disks, at very low power: 
But in order to produce a turbomachine of reasonably small size, 
larger flow rates per disk spare must be used, corresponding to 
curves rueli as those labeled 0.001 and 0.01 in Fig, {>. Then the 
maximum efficiency is lower and the relative velocity is higher. 
The flow regime for such practically interesting machines is not 
always laminar. The flow in the test* reported in the paper was 
mostly turbulent, corresponding with local Reynolds numbers as 
high as approximately (*00,000. 

The analysis was undertaken to discover facts about disk turbo- 
machines; it was widely believed that such machines were limited 
ir: efficiency to very low values and were not feasible. The re- 
sults show the reverse of this and that categoric statements con- 
cerning the “best ’ flow conditions and rotor geometry are unwise 
since a number of parameters arc necessary to describe the results. 
The performance of a multiple-disk turbomachine is not strongly 
dependent on/, and the performance is independent of whet her the 
flow which prndu’es a given friction factor is laminar or turbu- 
lent. 

The writer agrees iliut one can purposely reduce th- disk spac- 
ing to produce laminar flow at all operating conditions and 
achieve- very good inuluple-dtsk turbomachines. He further 
agrees that the analysis presented is not the host simple analysis 
for that condition. Investigations already arc under way to 
develop boundarv-Liyer-typc descriptions and integral-type de- 
scriptions of laminar fi<»w in multiple-disk iurbitns in the same 
general manner ax has already been done for liquid pumps by die 
discussers !)2i and Ilreiter and Buhlhauseis [11 j. 
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Investigation into the Performance Characteristics of a 
Friction Turbine 


Nomenclature 

Ci *= coefficient of torque « M/wn,r, 
c «= relative bulk tangential velocity *= u — ur 
e„ — specific heat at cons Unit pressure 

il *= tonpie 

.V = radial Reynolds number *= pv x rjn 

P = power 

f *= pressure 

L — radius ratio = rjr x 

]{, — tangential Reynolds number *= psufp 

r = radius 

s *= lialf the distance between the tlisks 
T = temperature 

v = bulk tangential velocily 

r — Inilk radial velocity 

« = flow rule 

z = dimension across the xpaciug distance 
^ * friction factor = li/a’A 

y = coefficient of viscosity 

= tlcnsily 

a =■ spacing ratio = 2s/ri 

r c = wall fluid shear slres-s in tangeutia! direction 
rr wall fluid shear stress in nulial direction 
4> = angular dimension 

V. — angular velocity ratio * rw/u 

m — uugidar velocity 


K. WlLLUM JlKANS* 

North American Aviation, Inc., Columbus. Ohio 


A friction or 'I'csla turbine wus tlu-orct icall\ investigated by using the difTercntial form of the 
equation of motion. A partial closed-form solution was obtained for tlic case of incompressi- 
ble luiniour flow, aud a method of solution is indicated for other types of flow. The per- 
formance of a 6-in. air l urbiue wus calculated, ami it w as tested over ru uges of angular vcloci l y 
{4000-18,000 rpm), supply pressure (10-40 pstg), and disk spacing (0. 026-0. !> in.). Turbine ef- 
ficiencies ranged from 7 to 25%. The qualitative agreement between calculated and experi- 
mental performance was satisfactory (correct trends), hot the quantitative agreement wus less 
than satisfactory. 


Ini rotiucl ion 

type of friction turbine inveiik'd by Nikola Tesla' , m 
A 190(5 is noted for its simple rotor, which consists of a series 
o! uura) lei disks f that may he either fiat or tapered and either 
sii.'i'ith or rough. Such n ttirliine might lie used with fucl- 
tliM pro’luet; solid particles in tlieir coinlm-dimi pnuluct* with 
less dillindty due to lilnde clogging than would be encountered 
with conventional turbines. The nature of the flow field over 
the rotor and the centrifugal force should make the disks self- 
cleaning. However, a (bin layer of particles can provide (her- 
nial insulation anil increase surface roughness and hence fric- 
tion. No previous investigation of the friction turbine w:t- 


suliirient lo permit a valid comparison between its capabiliti*- 
flii': Ohm* of conventional turbines. The present investigation 
a ' ' uniishes tin's through a theoretical analysis and an c\- 
I'* M iital investigation of a friclioii turbine willi smooiii 
A:.’ dl-ks. 

1’cet‘ivtnl November 9, 19(54; revision rt‘*"civisl May 27, 

*lfie inujor portion uf lla* iiivt^tigntiun wiis conducted :U tiie 
Peimsylvania State Fniversitv for a Pb.l). Thesis, tinder die 

direct ioiiufM.S. (Jpwd.dil. 

* fbuiip fjcnder. Bmver Syslems, Columbus Division, 
t It was the desire In obtain n simple pour which led To-la. 
W'ho is l>f*t!cr known fur bis inventions of the alternating current 
niotur and Tesla coil, to the invention of bis turbine. 
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Tin' theoretical analysis is based upon (lie equations of 
momentum, eoulimiily, and energy, applied to a “near” in- 
finitesimal control volume udjnepnt to the surface of the rotor. 
The set of equations is reduced to three ordinary differential 
equations (two momentum and the energy equation) with tbe 
ratlins of the rotor as the independent variable. A partial 
analytical solution of this set is obtained for the case of in- 
compressible laminar flow. Solutions for other cases of in- 
terest. such as compressible turbulent flow, are obtained by 
numerical methods. Results of experiment?: on a 5-in. air 
turbine are in qualitative agreement with the calculated jier- 
f on nance, but quantitative agreement is less than satisfac- 
tory. However, the quantitative agreement is sufficient to 
make the theoretical analysis useful in designing and de- 
veloping suitable similarity rules for this type of friction 
turbine. 


Theoretical In vest ignt ion 

The friction turbine produces an exchange of momentum by 
the in’ of fluid friction (rather than by impulse or reaction) 
by passing the fluid lietwmt disks (Tig. 1). The relative 
velocity of the fluid across the disks creates a frictional forw 
that will accelerate the rotors. As the rotational velocity in- 
crease-. the frictional force decreases. The rotational velocity 
will stabilize when the frictional force equals the externally 
applied load and windage losses of the turbine. 

The dimensions (in cylindrical coordinates) of the ele- 
mentary control volume are shown in Fig. 2, where s is half 
the distance lictwocn adjacent disks. This choice of the con- 
trol volume simplifies the analysis, l>orausc the shear stress or 
the “lop” of the element is zero due to the symmetry of the 
velocity profile. Since t ho height, of the control volume is not 
the infinitesimal dz , the parameters shown in Fig. 2 are average 
or bulk parameters. A complete admission turbine is as- 




sumed, so that there is no variation in pressure anil velocity 
in the 0 direction. Assuming tliat steady flow conditions pre- 
vail, the rotor radius r becomes the only independent variable. 
From any text on fluid dynamics, e.g., Ref. 10, the continuity 
equation and momentum equations can be obtained in 
cylindrical coordinates for lioth conditions described pre- 
viously, 

d{pn-)/{dr) = 0 or prv = const (1) 

pt'[(di</(/r) -f (ii/r) 1 - (t,/$) = 0 (2) 

and 

p\v(dv/dr} - («*/>)] = - {dp /dr) + (t,/s) (3) 

where u and r, and r* and r, arc the fluid velocities and fluid 
shear stresses in the <p and r directions, respectively, p is the 
density, and p is the pressure. For the case of adiabatic flow 
of a |>erfect gas, the expression for the change in energy across 
tire control volume is 

w(d/dr)[CfT + (u* + r s )/2) = -idP/dr) = 

-u(dM/dr) (4) 

where T is tire tern] »erat lire of the fluid, «■ is the flow rate, c,, 

is the specific heat, to is the angular velocity. P is the power, 
mid .14 i> the torque. Tire moment of momentum equation 
from station 1 ' v at the rotor entrance) to any radius r is 

M = w»(i qr, - ur) (5) 

whi-’h. wlien difTerentialed. becomes 

(IM.dr = —mUvr)/dr (6) 

] Equations (1-6.1 form a set of nonlinear differential e<|Uaiions 
that can he .solved on an electronic computer to obtain the 
variations in u, r, p, and T across the turbine rotor, which can 
then be u-ed to determine torque, power, and efficiency. 

Incompressible l^umiunr Flow 

For the ease of incompressible laminar flow, the expression 
for the fluid shear stress at the disk in the <p direction is 

T 4, = p{dc/dz) u (7) 



Fig. 3 CocHicii’iil of torque C< us a function of spacing 


where p is the coefficient of viscosity of the fluid, and c is the 
relative velocity of the fluid across the disk. The expression 
for {dc/dz) u is obtained by assuming a parabolic velocity pro- 
file between the disks. My substituting the preceding express 
sion into Kq. (2), one obtains for the momentum equation 

(dc/dr) + [(1/r) - (2 0r/r,*)]c + 2u = 0 (8) 

where c - u — ur, 0 - G/AV*, a = 2s/r h and X — Pit'i r,/jq. 
Equation (8) is solvable by the use of an integrating factor 

m/ ux = (1 - nR.-* 1 -#’) 

+ (D//i){l - + Mi ( 9 ) 

where H is r/r, and li is wr,/ui. 

The tonpie M is obtained by substituting Kq. (!b intoEq. 

( 5 ): 

M - wi/p, {j 1 — — 

aid - + 1 f» + «*;)! 00) 


Hence, Kq. (10) shows that the relationship between torque- 
angular velocity is linear for incompressible laminar flow. 
Computed results 1 * give linear relationships for incompressible 
and compressible turbulent flow. K\|)Criiiicntii] results’ 1 ’ 1 * 
indicate also a linear relationship between torque and angular 
velocity. 

If the velocity profile is assumed to be parabolic in the radial 
direction, nn expression for t, can be obtained by replacing c 
with r in Kq. (7). My substituting the proper expression for 
r, and (lie continuity equation into Kq. (3), one obtains the 
following form for the radial momentum equation: 

dp/r </- plfcrdVr* + «*> + 20Vi\r\ (11) 

which, when integrated, becomes 


H=-fp -O'] 


(12) 


Unfortunately, the. solution to Kq. (11) cannot Ixi integrated 
in n closed form because of the complex nature of the ex- 



rig. 4 Maximum jxvvvcr us i« function of spacing ratio a- 

pression fun., (Kq. (9)]. However, the integral in Kq. (12) can 
l>c evaluated easily by numericul methods. From solutions 
to Kqs. (9, 10, and 12), the variation of turbine efficiency and 
1 >• over enn be determined as a function of the important tur- 
‘■me parameters \fi, !!, iq, and }{). 

ojnprcssililc Turbulent Flow 

Tbe uutpul of the friction turbine will increase with the in- 
1 lease in fluid friction; therefore, an analysis with turbulent 
flow between the disks is of primary importance. In solving 
the set of differential equations for the ease of compressible 
turbulent flow, the following relationship was used for eval- 
uating I lie fluid shear stress at- the disk : 

r/ipu 1 ) = 0.0217(7?e)- ,M (13) 

w here Rc = pstt/p. 

Kquation (13) was shown to be correct from experimental 
* sri ta 10 and was developed 11 from the current theory of turbu- 
lence. In order to compare experimental and theoretical 
results, the theoretical analysis presented in this paper for 
compressible turbulent flow is modeled after the design of the 


test model, and is, therefore, limited. Since the test model 
incorporates convergent nozzles, the analysis is limited to sub- 
sonic flow. The maximum mass flow through the tmbine is 
obtained, therefore, when the relative Mach numlnr leaving 
tlu; rotor is 1. A detailed investigation 18 of this limiting flow 
condition shows that the pressure ratios used in the experi- 
mental investigation are not sufficient to reach this condition 
A the test model. Therefore, limiting flow was not obtained 
hi the experimental investigations. 

The test model also incorporated nearly tangential admis- 
sion. Mecause of this, it was concluded from an order of 
iniignitiide analysis that the term i'*/2 is small as compared to 
«*. 2 and was. therefore, neglected in the energy equation 
(4). As a result of this conclusion, Kq. (4) becomes 

(d/dr){rpl' + (u*/2) ] * w|rf(«r)/dr| (14) 

cplT - 7’,) + («* - w,*)/2 = u(ur - up-,) (IS) 

'" tween station 1 and any point on the rotor. It is not ncres- 
?.* ry for the theoretical analysis to_ neglect, the term i 5 , 2, hut 
by doing so, the caleululion procedure for solving the set of 
differential equations is greatly simplified. An estimate of tlic 
magnitude of the term t i7 /2 can Imj obtained by using the limit- 
ing case, which is i. sen tropic flow. For the theoretical analysis 
m which friction effects were considered, the value of r* 2 
will he less than the incut topic case. For ixen tropic flow, the 
continuity equation IKq. (1)] Incomes 

vt/v, = (pi/lh) vt {rt/r t ) ( 16 ) 

K>r the test model the maximum values for tq/T/i , pr pi and 
r. r, are 0.038, 0.42, and 0.1, resjieetively. When the preced- 
ing values are inserted into K(j. (16), the resulting value for 
t h‘ii\ is 0.1S. The term (i'i* — r*’) is approximately 3 ! /j of 



Fig, 5 Turbine clficicuey at niuxiimnu |*owcr as u func- 
tion of spacing ratio o. 



f» Angular velocity for maximum j»o>*cr as a function 
of spacing raliu cr. 

tq*. It must be cautioned that the term t‘V2 is small only for 
this type of design and cannot be neglected in any general 
analysis of compressible flow'. The analysis presented here is, 
therefore, limited to tangential admission turbines. The nu- 
merical solutions of Kqs. (1-3 and 14), using Kq. (13) to de- 
termine the fluid shear stress, arc presented in Figs. 3-6 for 
given set of inlet conditions. Figures 3-0 contain the ex[>eri- 
mcnUvl results for the same set of inlet conditions also Solu- 
tions to the set of differential equations for the cases of com- 
pressible laminar flow and incompressible turbulent flow are 
discussed in detail in Ref. 11. 

Kxpcrinicntul Investigation 

The major parts of the experimental turbine are the casing, 
which contains two flow nozzles, and the removable rotor 
(see Fig. 7). The two flow nozzles are simple convergent 
nozzles and are integral parts of die casing. Kucli nozzle 
exits tangentially into a scroll that covers half the circum- 
ference of the rotor. 'Flic scrolls were used to bn la nee the 
flow' over the circumference ami to make the turbine a full- 
admission turbine. The flow exhausted to the atmosphere 
from lioth sides of the casing. The G-in.-diam rotor (Fig. 8) 
has fj/rj *= 0.4. It comprises two {-in. end disks and a aeries 
of 24-gagc, 0.026-in., intermediate disks. The rotor shown in 
]‘'ig. 8 has five intermediate disks with a s]>acinp between disks 
of 0.061 in. The disk spacing was changed by inserting more 
or less intermediate disks. The output shaft of the turbine 
was coupled directly to the dynamometer. The major me- 
chanical problem encountered was disk vibration. It was 
solved by placing between each pair of disks three thin plastic 
pads that w r cre held in place by three small bolts. 

The turbine was driven by compressed air. The inde- 
pendent variables were, angular velocity, supply pressure, and 
disk spacing. Figure 9 shows an example of the variation in 
turbine performance with angular velocity for 11 given su{>- 
plv pressure ami disk spacing. r J1ic torque-angular velocity 
relationship is linear ns was predicted in the theoretical inves- 
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Fig. T Teel imnlel of friction turbine. 



Fig. I! Turbine rotor. 


ligation, Similar last* were rarried out for supply pressures of 
10, 20, 30, and 40 psig and disk spacing? of 0.500. 0.237, 0.105. 
0.001,0.037, and 0.020 in. 

The lest results are compared with calculated )>erfonnan< e 
in Figs. 3-0. In Fig. 3, the torque coefficient C t = .U/tetiiri is 
presented as a function of spacing ratio for constant supply 
pressures at aero angular velocity. In Figs. 4 and 5, the varia- 
tion in maximum power and maximum efficiency with sparing 
ratio is illustrated. In Fig. 6, the angular velocity of the tur- 
bine for maximum power as a function of spacing ratio is pre- 
sented for the various supply pressures. 

The qualitative agreement between experimental and cal- 
culated results is good. The torque and power of the turbine 
increase with an increase in supply pressure or inlet velocity 
and with a decrease in spacing ratio. Both parameters increase 
the frictional effects of the turbine. The turbine efficiency, 
however, decreases with an increase in supply pressure; i.e., 
with increasing pressure, the power output, of the turbine does 
not increase as rapidly as does the available energy or the 
enthalpy drop across the turbine. In general, tlu* shapes of 
the exjH’rimcntal and calculated performance curves are the 
same. 


The quantitative agreement Ixdween ex{*erimental and 
calculated results was less than satisfactory. The calculated 
results in most cases were less than the experimental results. 
This discrepancy is probably the result of the difference in 
pressure ratio across the rotor for the two eases. 

In the theoretical analysis, it was assumed that all the flow 
passed Iretween the disks, The pressure ratio nrross the rotor 
calculated on this basis was greuter than tliat which was 
measured. Since the pressure ratio a crus.- the turbine was 
constant for both cases, the pressure drop across the nuzzle for 
the theoretical analysis will be less; tliis will result in a de- 
crease in the inlet velocity, tort pie per unit flow rate, etc. It 
was noticed during the experimental investigation that a sig- 
nificant amount of the flow bypassed the rotor. This leakage 
would reduce the pressure ratio across the rotor and could 
produce an effect opposite that described previously. Tin 
fluid path in the test mode] is, therefore, different from the one 
assumed in the theoretical analysis. 


Analysis of Fxperimon tnl llesulls 

From the experimental results, it appears that the lo>- o*' 
] tower due to a decrease in mass flow through the rotor is imov 
than eumpensated by the increase in frictional effects, whe h 
is mainly due to tlu: increased inlet velocity. Obtaining a 
largo mass flow through the rotor with a small pn-s-ure drop 
across the rotor appeals to be one of the innjoi design prob- 
lems. 

From the eorteitition between experimental and calculated 
results presented in Figs. 0-9, it can be concluded that the 
theoretical investigation presents an inadequate description 
of the performance of friction turbines. The theoretical Je- 
suits, therefore, can lx* used in designing and in developing 
scaling laws for this type of turbine. 

The maximum turbine efiicienry achieved by the test tur- 
bine was 24%, which is low for a single-stage turbine of its 
specific sliced, 0.1 rpm. A small, single-stage steam turbine 
in this sjieeific speed range will have an riliciency of 40 to 
45%. The test turbine, however, was not in a high state of 
development, and with improvement in the design and with 
better sealing of the rotor, increased efficiency should be ob- 
tained. Since the maximum theoretical turbine efficiency of 
a radial exhaust turbine is 00.7%. it is not likely that a turbine 
efficiency of much greater than 40 to 45% can Ik' obtained for 
the friction turbine. Although the friction turbine does not 
have u distinct performance advantage over Hull of con- 
ventional turbines, its simple rotor may offer an advantage 
when design conditions require a simplified and inexjumsive 
unit, 
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Potential Flow Between Two Parallel 
Circular Disks With Partial Admission 

LEE MATSCH 1 and WARREN RICE^ 

Introduction 

I v a STl’J) y nf the fluid How in uncoiiveutiomil ftfjrbomnrluner> . 
f) i:d in <>thei analytical investigations in engineer mg, it lot - 
found necessary to have a solution for tin- p item ini flow of 
b r i incompressible fluid between two circular d'-k- Of main in- 
terest is the case for which the disks arc rinsed at the outc: 
jieriphcrv except for one or mure slots through which fluid b in- 
jected with both normal and tangential eumjMncnts. The di-k; 
are considered parallel with the fluid exhausting through a 
circular hole at smaller radius limn the outer radius of the disk- 
The problem is formulated under the assumption of an arbitrary 
distribution of radial velocity at the outer radius, with the 
average value of the tangential component as a parameter. A 
special cose in which the fluid is injected through a single slot wiili 
uniform rndial velocity across the slot is treated in detail. 

Analysis 

Under the idealizations stated and in r, 6 polar coordinates the 
equations of mol ion are 
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u “ — — and t •» are summarized in the equation V*<£ 0 

dr r du 

w ith 4> 4>(r, 6); that is, the flow is potential flow, where </> is the 

velocity [mtential function. The problem statement becomes 


b'<f> 1 d<f> 1 

dr* r dr r* 

?'A , „ 

dO i 

(4) 

dd) 

- {if, 6) ~ J/(r 0l 6} 

dr 

n < 8 < 2k 

(.5o i 

| dd> 

; ~~ (% 0) = v(r u , 0 ) 

()<(?< 2r 

(.55 ' 


when* r 0 is tin: outer disk nidi us, n( r <<- 0) an arbitrary function 
and v(r 6 , 6) a film linn which can be partly nrbrrary, as detailed 
Inter herein. In addition, the solution is required u.i Ik* lammled 
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everywhere in (be region of flow and everywhere on tlie bound- 
aries. 

Solution of tins differentia! equation is made by the method of 
scpfiml ion of variables to yield 

0(>, 0 i - u t + a-. In t + n$ + a, 6 In r 

-f T, r *b'‘ B cos hO 4 o.b sin tiO 


where a is the ratlin] velocity eomjxinent, r the tangential com- 
ponent, p t he pressure, and p the fluid density. The equations of 
continuity mid irrotatinnalily are 


1 & , N , 1 be 
- — - (ru) -f - — - = 0 
r dr r dv 


dn 

To 


0 


(3> 


l.a-lly, the flow must satisfy the Itenmiilli equatioti, where is the 
stagnation pressure: 


P + + » •* 

P 2 




p«. 


Equations (1), (2), and (3) together with the definitions 


■f ^ cos ttO 4- a-, n sin nO ) 

n»l 

To produce jienodicity of the velocity com | m incuts, o t is chosen 
erju/d to zero, mid to correspond with a finite flnx at the origin, the 
coefficients of terms involving r - *^ 1 in the velocity component 
expressions nre set to zero. The velocity components liecume 

u(r,6)z= - ‘ 4- ^2 cos ri0 4- sin ud) 

r n - 1 

(6; 

r(r, 0) = — 4- ^2 cos n$ — a tn sin nO) 

r X — I 

The constants arc determined by satisfaction of the Imiuidary 
cot id it ions. Exjiunding equation (no) in a Fourier series and 
equaling the result U)u(r B , 0) formed from equation (0) yields 



Fig. 9 Friction liicbinc perbinnuner. 
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Now l lie tangential velocity is 


i/(r t , a) sin ada ens tiO 


a) cos n ml a sin r 


(7) 


Clearly, r(r #J 0) and n(r* ( 0) are not independent; that is, r(r Q , 8) 
cannot be prescribed arbitrarily. From the fnnn of equation (7 ) 
it is seen ibal the average value of r(r#, 0) may be prescribed; it is 
denoted by P(r«) and is defined according to 

1 T 2 ’ 

»(r.) - — j r(r>. BfW (S) 

2jr Jo 

Integrating equation (7) with resjx'rl to 6, dividing by 27r, mid 
equating the result to the present ted D(r t ) yields 


Finally, 
»(r, 0) = 


Cj ■= r # P(r 0 ) 
«(r e , oWn 


a?)/: 



4- J' a : 


ctda cos nO 
in ncu/ft sin n#j- 


. 0 1 --- I'fq, ) 




»' o) e<ts nada sin nflj- (10 
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where u(r, ( 6) mid C(r t ) are prescribed. 


( 12 ) 


Special Cate 

In particular, it is 
[(■the case for which 


nf interest to specialize the results to apply 


j - no, cnrist — 0/2 < 0 < 0/2 
utrp, 6, - ^ d/a < 6 < C2w - 0/2: 

ii here 0 is the angle over which fluid is admitted with .roust nnt 
radial velocity through a single slut, and with an average lam 
genial velocity around the entire disk periphery of f(r 6 ) pre- 
-.rihf!. If »hc dimensionless variables are defined Reporting t < ■ 


where p? is the stagnation 
ifc; and (10) specialize to 

w , = _ 
"It r* 


ftfff * , <1>« ~ P) 
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Defining u stream function according 
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From the energy equation, p* = u* 1 -f '**. 

Fig. 1 presents a plot of three streamlines Tor the case in which 
f(r»)/u« = 0.1 and 0 — 20.5 deg. It is noted that e*tr ( ) is negative 
over part of the inlet slot. Fig. 2 presents a plot of a single 
streamline for the case in which £'(r 0 )/u* = 1.0 and 0 *= 20.5 deg. 

As a further special case, for full admission, the admission 
angle 0 becomes 3C0 deg and the results reduce to 



- e - P In r\ 


V * 


All series apj>eiiring in the solution are rapidly convergent. It 
is relatively easy to evaluate equations (9) and (10) for any 
number of flow inlet slots or for a continuously distributed inlet 
flow around the outer radius of the disk. Because there is nr 
momentum exchange between the fluid and the disks for potential 
flow, the solution applies for rotating disks, which is a ca.se of 
main intere-st. 
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Flow at Low Reynolds Number With Partial 
Admission Between Rotating Disks 


L. MATSCH 1 and W. RICE 1 


Introduction 

In iitr: analysis of 1 ho How in imeonven: ion.d ; irhmnm i.: .■ r;\ 
and in certain other engineering situation.*., it has been ■ ::.u 
necessary to have a solution for the laminar How field l>r;v. 
rotating disks when tlie fluid is admitted only o\or part o; ti»c 
disk circumference ami when the flow is at very low lie;. mid; 
miinhcr. In particular, the solution is n beginning solution n la- 
pert urbed by the addition of inertia forces in order to obtain an 
approximate solution for |»artiid admission flows between rob.: mg 
disks at higher Reynolds numbers. 

Analytic 

The N&vier-Stokcs equations in cylindrical pwfejr coordinates 
are applied with P, 0 , Z ns the radial, tangential, and axial sp.v.c 
coordinates and U, F, IF as the corresponding velocity com- 
jionenLs. Dimensionless variables arc defined according to u = 
U/rJl. v = V/rJl, w = lT/Aft. r = U/r t> z = Z/h, p - P/rrf'-, 
and A'ju = where 12 is the angular velocity, P is the pres- 

sure, A is the spacing between disks, u is the outer radius, and p 
and p are the fluid density and viscosity. The flow is assumed 
steady with low Reynolds number and low volume flow ra e 
then n « v and r = r. Further, it is assumed that A « r, , where 
r, is tlic inner radius of the disks. Following order-of-magniv.de 
arguments and linearization of (he equations, allowed by the fore- 
going assumptions, tlie governing equations become 
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The boundary conditions are ufr. 0, ±1/2) - 0, !•(?-, 0, ^ 1 21 
*= t, u-ir, 6, ±1/2) *= 0, and 7 i(r;, 0) *= 0, corresponding with no 
fluid slip at the disk surfaces and with fluid exhaust into a stag- 
nant reservoir at the inner radius r,. The equations def-mihe 
creeping flow with the centrifugal force retained, 

liquations (1) and (2) arc integrated from 0 to z and again from 
1/2 to z, using the appropriate boundary condition*, to yield 



Integrating » 3 > over —1/2 < r < 1/2 and using the third b- 
ary erudition gives 



and siibsli luting u and r from (4 ) anil : 5 finally yi*-M> t 1m c ■ ■ 
mg >qnation for the pressure field, 

V : /' = ■- 
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liitimiuciiig ii to indicate the mean velocity, integration of 
VI * give!* 


ulr, 6) = .Vjt, 




dp \ 2ii 1 , 0 

1 1 , O', ■ : . 

A It. 

reaull* !i> a Ixumdary londition fur ,7 ). The soluti >n fm 7- is 
found by tin method of siq'.aiai ion of variables to be 

V n d = — - - — -,r — j ful,a>iu In • 
a. J . , r, 

- • V | — ( I in ; 3, rti cos un<U\ 

b. n _i » L»-f 1 + J 

X cos tiO + j" ii( 1, a) sin nada sin nfl| (8) 
According to (4) and (5), the velocity components are given by 

- (n - g) {j; /_/<■- “ Wn 

-f • ^ rt(l, a) cosimdn ins n0 

d j" i"r 1, a) sin nada sin | (Pj 

nml 

•**«- C-3C)ii[^l 

x{j tifl, a) cos ftonfa sin nO — j' 


to 1, a) sin natla 
X cos rtfl I -j- r 1 1l» 


The menu velocity components may now lie consolidated into a 

bl/' 

single stream function \p defined bv ii„ *= -- and ■ 

rb£J dr 


r'/t 


II 


Tints t/' becomes 


, r« 0 C’ " r (r l * + r,»") 1 

2 2 it ;_ I „ _ ) Lr«»F- 1 -f- r,*“) J 

4 r tifl, ot)sin nmia eo.snfl — ^ ml, n:''cos 


cos natla silt nd 
'll) 


Special Caie — Admission Through a Single Slot 

In this {. a c; ri ) r ( til l, 0) be defined ns 

(-1/C - 6,2 <0 <0/2 

7b 1. O ) - 

1 1 1 0/2 < 0 < 2ir - 8 >2 

0 is the erntru) angle of (lie admission -d«.i. ‘I he mean 
vel«" it \- edtfiponctUs nml the pressure become 



Fig . t Thf« Im.i tor <a»« in which j 9 «= 20.5 d*g ond V,(r c ) It 

imall compared with u 0 



8 J 

ee>s n 0 \ (\ 2 i 


A (A A' -] 

n8 

X sin -- r*e 

. ^ y - r_r:- rl :...l Bm «^ il; 

r a* [r'-M + r,!-)J 2 

r.* r 2-R “ 1 f e^ - r 1 

rA l; , *, jr.\ a. »* l_r" 1 -r 


X sin M4 1 


!i noUal that the mean velocity components dejaanl on a<. as 
a parameter while the pressure distribution dcjicnds in addiiioii 
on Kcynotds number its a parameter. Tlie stream function is 


< 15) 

As examjilcs, mmicriuil ixuiiputa lions were made for several 
How eases. For the cast for which 0 = 20.5 deg, r, = 0.1, 
to, « 0.1, and X a. =* 0.5, lliu idealizations are valid except very 
near the slot inlet Figs. 1 and 2 present the radial velocity cnin- 
jxment mid the pressure, resjHiciively, a-s a function of tlie radial 
and tangential space WKirdiimtcs. r Flie streamlines are tight 
spirals for tlli-s case, the How makes approximately 20 revolutions 
in traveling front the inlet lu the exhaust circle. 

For the ense for which 0 - 20.5 deg, r, =» 0.3, ii* = 0.5, 

A'u, - 11.5, tlie idealizations ore somewhat comjuomiseil b, lia 
nlatively huge rnriial velnpity. Figs. 3 and A present i? and /- 
for tli is ease. 

Conclusion 

In the e-ime of full admission, 0 *= 2ir and the solution reduce- 


JO 


" tr- n -f- r,*") sin (>o 
irll -(■ r, ! " )r" 



1 2 i/v / z - J\ 

V U-s) 

t»(r, 6) - r 
trfr.fi) = 0 

«(»■, 6) - - - 
r(r, 6) - r 

ptr, fit - r - 2 In r 

Mere, the nature of the solution is clearly displayed and tie 
effect of the idealizations u> pointed tip. The quadratic term ii. 
ihe pressure expression corresponds to that required to sustain tie 
fluid Uit.ween Die disks with no relative flow . 
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Laminar Inward Flow of an Incompressible 
Fluid Between Rotating Disks, With Full 
Peripheral Admission 

The laminar flow of an incompressible Nnvtonunt fluid, radially inward bet wee); 
parallel co-rotuting disks is considered The through- flaw is supported by on ex- 
ternally applied pressure dijferenu between Ihe outer periphery and a circular fluid 
exhaust hole at an inner radius. The fluid supplied at the outer periphery is con- 
sidered with arbitrary velocity components, such that the tangential component may be 
greater or less than the disk peripheral velocity A sufficiently complete problem siafemeni 
is formulated from the Navier- Stokes' equations. The problem has three parameters: 
a Reynolds number, a flow-rale parameter, and a peripheral tangential velocity component 
parameter. A numerical method of solution is detailed and typical numerical results 
are given illustrating the phenomena that occur in Ihe inlcl region for various inlet con- 
ditions. It is shown that the solution becomes the asymptotic solution given by previous 
investigators at interior radii following the inlet. Correspondence between the complete 
solution given herein and the earlier asymptotic solutions is established as dependent on 
corresponding values of Reynolds number and flow rate only The results are discussed 
from the point of view of application of the solution in the development of multiple-disk 
turbines. 


Introduction 

Tjik concf.itius find early development of multiple- 
disk lurlmmitdiiticry were reported in the semi technical press in 
the fust part of this century ( 1-61 . * Subsequently, numerous 
experiments] and analytical investigations have confirmed the 
feusiiu’iifv of such tiirbomAchincry [7-I3J. Severn! analyses 
have appealed using a hydraulic friction factor or other empirical 
information to obtain an approximate description of the flow 
Itetwcon tlie disk* and others have assumed velocity distributions 
to estimate performance [ 14-17] . Those analyses have l>oen use- 
ful in further fun Arm ing feasibility and for estimation of the 

‘ Formerly. NSF Science Faculty Fellow, Mechanical Engineering, 
Arizona State University, Teinpc, Arii. 

* Numbers in brackets deaignate Hefcrences at end of paper. 

Contributed by the Applied Mechanics Division and presented at 
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Discussion received after the closing date will he returned. Minin- 
s' ript ree.civtd by ASM E Applied Mechanics Division, July 25, 1(167; 
final revision, November 24, 1067. Taper No. 66— APM-12. 


torque nnd work delivered to or tibsorlred by the disks, but have 
given only crude descriptions of the pressure field and hence of 
the efficiency of the multiple-disk turlmmnchinc. Furthermore, 
the analyses are mainly limited to the flow of an incompressible 
fluid although both laminar nnd turbulent flow arc considered. 

The fluid flow fields about rotating disks have or course received 
intensive investigation, but mast results pertain to disks rotating 
in free space and to housed disks with no through-flow of fluid 
and no externally imposed pressure difference. Sehlichling [18] 
has summarized such results nnd a treatise by Dorfman [IS] has 
further organized the methods of analysis and the results for 
rotating disk problems. Dorfman [10] also indicates an intcgral- 
tyi>c approach for calculation «r the flow between rotating disks, 
for radially outward flow. Savage |20| has given a solution for 
laminar flow between stationary circular disks for inward flow; 
the solution is iterative nnd is carried through one iterative im- 
provement or u creeping flow solution. Other approaches to the 
problem of flow' between rotating disks have been made and are 
of interest, but not of direct usefulness for determining the flow 
field in multiple-disk lurbornachinerv (21-24}. 

For the particular case of outward flow between rotating disks, 
corresponding with the multiple-disk pump, Broiler and Pohl- 
hausen [ 2 n 1 obtained n numerical solution of sufficiently com- 
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plete flow governing equations with realistic inlei conditions. 
The solution is f<»r laminar flow of an incompressible fhiid nnd is 
definitively useful for the outward flow cade. Breiter and IVthl- 
haaseri |2‘>] aim obtained a solution ft*r the problem when the 
governing etpntivSiv# are hncariy.cd by assuming very small flow 
rate- T'he Bolutimi b theti n similarity solution valid for small 
flow Mife am! ut r.iih.i! -fat ions well removed from (he rnrianre 
recioti ; that i». it dtXritii's the Asymptotic flow held for small 
t h rough-flow rate ExiKrrimeidal work following the analysis Was 
imported by Ila-mgnr and Kehrt [2fi], Peulte and Kreilh [27| 
have given a truncated series-type solution for the asymptotic 
flow field, away from the inlet, for outward flow of bn incom- 
pressible fluid between rotating disks. 

For the case of inward flow between rotating disks, correspond- 
ing wit It the multiple-disk turbine, analyses and results were given 
by MaUch and Hive for ixitenlial flow between the disks [2.S] 
and for creeping flow Ire tween the disks J29j with centrifugal 
effects} accounted for. These Analyses considered both partial 
admission and full admission of the fluid at the outer periphery. 
The results are of iiti/e interest with regard to the multiple-disk 
turbine except that the charac Leris lira of the flow field are dis- 
played for the limiting cases of large and small Iteynolds numlx > r 
at all volume flow rates corresponding with laminar flow. MaUch 
and Iiice [30] further have given an iterative solution for the 
asymptotic flow field reached by an incompressible flow at all 
radii interior to a certain entrance region. The asymptotic flow 
depends only on tlic fluid flow rate and the lleynolds number as 
parameters and is independent of the magnitude of the tangential 
component of velocity at the entrnnee and of the dlsk-to-dlsk 
distribution of all velocity components At the entrance. The 
solution is for a problem statement conqmsed of sufficiently de- 
scriptive governing equation nnd boundary conditions; thus the 
results for both the velocity and pressure fields are useful for 
calculating the performance of an actual multiple-disk turbine in 
Uw flow region away from the entrance. However, important 
departures from asymptotic flow usually occur near the entrance 
and arc reflected in the torque and the pressure field in the turbine 
in that region; hence the asymptotic solution is not sufficient 
alone to enable calculation of actual turbine performance with 
dftsirablc entrance conditions. 

Definitive analyses for the inward flow- between rotating disks 
for turbulent incompressible flow and for both laminar and turbu- 
lent compressible /low are ultimately of main interest but have 
not yet appeared. 

Herein, an analysis and a numerical solution for the flow of an 
incompressible Newtonian fluid between parallel rotating disks 
are given, valid over the flow rate and Beynolds number ranges 
for which the flow is laminar. General entrance conditions are 
considered and the governing equations, boundary conditions, 
and solution, method are of sufficient accuracy to make the results 
definitively useful. The solution requires the flow* rate, Ifcynolds 
mimtjcr, and mean tangential velocity component at the en- 
trance as parameters; heme it describes the flow in the entrance 
and approaches the asymptotic flow [30] at interior radii. 

The geometry considered nnd a spare-fixed ecordiimle system 
arc shown in Fig. J. Full admission of fluid around the outer 
periphery is assumed H is realistically assumed that the fluid 
fills the entire space between the disks and that the flow Is steady 
with constant angular velocity of the parallel circular disks nlroiil 
the r-nxis. The fluid is considered to exhaust at an inner radius 
into a region of constant sink pressure. 
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Analysis 

Under the stated idcnlizatiun.' the N'avier-fS Lukes' t«q i lit t ions* 
(tpiilv wit nil derivatives in the tangential direction omit led *lui- 
U> ax in! fly mi nr try of the flow [ I9| : 
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With the assumptions that the velocity ami pressure fields me 
well lielmved and that h « r«, which is true for geometries of in- 
terest , ovder-of-niagnii ude. arguments show that the following 
Pijiiati.it.- are siiiUriontly arem ate to describe the flow thfougfiuiii 
tin- reev I ie tween the di-k< and for any licyimlds munlmi for 
which t be -flow is iaininai . It. terms of ilimeil'i'wletf* vm tuba--., 

dv t ? 0-; dp I 

dr ~ - " ” 0: d- A m. >0 



Entrance and exhaust enndiiinns are 

n(l,z) = i/o(z) — 1/2 < z < Id (8) 

r(l , z) = r«(z) -1/2 < z < 1.2 ( ( .C 

;,(r„ 2 ) = 0 - 1/2 < 2 < 1/2 (10) 

am! appropriate Uumdary conditions are 

u(r, ±]/2) - 0 r, < r < 1 (11) 

r(r, ±1/2) = r r, < r < 1 a < r, < 1 (12) 

tr(r, ±1/2) = 0 r, < r < 1 (13) 


where a ~ b ; that is, where r, is not so small as to invalidate 
certain of the order of magnitude arguments. 

It is convenient to consider only entrance conditions that arc 
symmetrical nUmt the r — 0 jiliinc midway between the dusks; 
then live region of interest is reduced to that corresponding wit It 
0 < z < j/2 and r, < r < 1. The entrance, exhaust, and 
Ixnindary conditions Ixicomc 

i/(l, 2 ) « v 0 (z)l 

t(l, 2 ) ■= i.(z) > 0 < 2 < 1/2 (14) 

p(r„t) = 0 ) 

u(r, 1/2) - w(r, 1/2) = ie(r ; 0) = 0] 

r. < r < 1 (IS) 

Here the exhaust pressure is written as zero merely for con- 
venience. Kt put i inns (.'>), (0/, (7), (14), and (15) constitute the 
problem statement. It Ls noted that the problem is well posed and 
has A'hx, u#(z), and e»( 2 ) as parameters. i/ e (z) and r«!z) arc arbi- 
trary but specified functions and me considered to be even func- 
tions in the region -1/2 < z < 1/2. It is easy io show that 
u (r, /) is an odd function in that region and that 

d '~ (r, 1/2) - 0 00) 

Dz 

Filiation (1C) is required for the solution as an auxiliary relation- 
ship. 

An extensive investigation by one of the nul hors |3I], using 
met In sis given by Hansen |32], has shown that no similarity 

solution exi-ls for the problem. Furthermore, on-trivial 

similarity solution exists for the reduced asymptotic problem 
"latcmein flue to Matsch and Hire [30], As previously staled 


r(r, 1/2) > 

— - (r, 0) - 
or 


(r, 0} - 0 


a similarity sohiiion exists for the problem in which equations (5 ), 
( f» ) , am! i7 me linearized, and that solution was fiuind by lirrilcr 
and IV-hlliauscn (_'5j but is not generally useful; it is thought to 
be lhr-».*:.l\ similm it y solul n -u pciimcnt In flows between rotating 
disks 

It is very unlikely that a fniicIMisj! solution ran be found for 
I lie pr>-i'b’ui staiemeut <-< > 1 1 s j >■ »»rd of ta | nations (of, ((>,. (7 ), (5-1 ), 
(15 i, and i.lti. 1 . Foi tliat rca-on, a numerical solution with snf- 
licient re-nmiev and leijinimg execution time using a 

digita, '.xmipirfi-i was u-ed ns desu ibed in the following seel ion. 

Solution 

A numeriial solution employing a direct difference scheme was 
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Fig. 2 Indexing of flold grid point* in rotation to r, i-coordtnalo *yit«m 


exhaustively pursued and failed Ui yield satisfactory results. 
In that approach, and in tho successful approach subsequently 
used, l he field was provided with a grid with uniform grid spacing 
in the z-directioii and noimtiiform grid spacing in the r-direclion 
C I riel points were designated by i, j subscripting as shown in Fig. 2. 

It is clear from the form of equations (5), (G), and (7) that a 
forward-stepping solution can Ixj used to solve for field values at 
interior radii starling from known conditions at t = 1. In the 
direct difference approach, equations {5), (G), and (7) were written 
at llie grid jxiinls not located on a boundary using first-order dif- 
ference approximations for the derivatives and equations (14) 
and (15) were similarly written at grid points located on the 
lmii nrlnrics. Hy a suitable logical scheme, values were found 
which mused the difference equations evaluated lit r » 1 to be 
satisfied am! with the solution thus started, a direct forward- 
stepjiing solul ion wits carried out. The results indicated that 
imreiusonably small radial and axial grid spacing would be neces- 
sary to achieve sufficient accuracy since stepping errors were 
cumulative. Cnmpulnl ioiml stability problems were also en- 
countered. Numerous modifications and inqjiovemenUs within 
the direct approach were investigated without success, including 
tiic incorporation of numerous derived lanindnry compatibility 
relationships m the system of difference equations. 

Application of an indirect, or inverse, difference scheme proved 
successful; this approach was also used by Brciter and INihl- 
hausen 125] for the solution for outward flow. In the indirert 
approach, ihe grid displayed in Fig. 2 was used. Difference 
equations were established by approximately representing the 
derivatives by first-order difference forms in equations (4), (5), 
and (fi) at grid points not located on tiic lxmndftricfl. KquntioitS 
(14), (15), and { I G) were similarly replaced by first-order dif- 
ference equations at. grid points located on the boundaries. The 
resulting equations are, for 1 <j<J IF, 





0 (HI) 


and, representing the boundary conditions and the auxiliary 


condition, 

- 0 (20) 

= m, (21) 

= 0 (22) 

— 3u l+ u + 4iq + i.j — 1/ui.i = 0 (23) 

— 3c, + i,i -fi 4e. + i,» — =■ 0 (24) 

tr, +i.i = 0 (25) 

tCi+i.2ir-» — + 3u’, + i.2ir = 0 (2G) 


Equations (17-26) constitute (3J1F + 1) linearly independent 
algebraic equations in (3JIF -j- 1) unknowns; in principle, a 

dp 

solution can proceed from known values of u, v, u - , and — at r = 

1, where i »= 1, by solving the set of equations at i + 1. Subse- 
quent forward progress through the field would proceed in the 
same manner. However, the set of equations is nonlinear and 
therefore such solutionis not feasible. For this reason, a trans- 


formation was applied to equations (17-20) according to 
Au i 


-= «,+!., ~ ) 
A* i - v, +tJ - v tii > 

A«r. — 10. . • — «r. . i 


Air, 

After transformation, the equatioiu? constitute (3/IF + 1) equa- 
tions in (3d IF + 1) unknowns, the unknowns being Au,+i.„ 
dp\ 

Api+J.,, Atr, +)l >, and — | , Tire equations contain terms having 

dr„+i 

products of the A quantities. These terms are negligibly small 
compared with terms not containing A quantity products and 
are consequently dropped with the restriction Uiat (Ar), be kept 
very small. After thus linearizing the difference equations, they 
are 
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Alt j\y = -H.Jif (31 ) 

A-y.r = -(Ar), (32) 

Air,, - - u,., l( (33) 

- 3A«i ± 4 Auj. - A,/j - 3 m„, - 4i/ , - - <‘34) 

— 3>, 4 4Ar ; - Ar, = 3i-„, - 4r,. : 4- i „. (35'. 

Au ; ] - u'.-.i (30) 

Al'.uij — 4Ayn_i 4* 3 An Vic 


= — u',,jh -i 4" 4ui,,yir_i — 3 ic, j j, (37) 


Equations (28-37) are a set of (3JH’ + 3 ) linear, indejrendeiit 

d p 

equations in the unknowns An, At, Aw, and at the i -f 1 

radia) station. The equations may be solvtsd at each forward 
step by matrix inversion. However, the matrix involved is 
"sparse'* ; the particular technique known as Gaussian elimina- 
tion is ideally suited for the solution (33). 

The indirect, solution was carried out, starting from prescribed 
u 0 (z) and t>»(z) at r = 1, by first assuming u’(l, z) * 0 and calcu- 
lating — (1) from equations (17) and (19). While the u’(3, z)- 
dr 

value assumed is not correct, w»(l,z) is actually very Bnmll and 
the use of an extremely small radial step size near r * 1 caused a 
correct value of «>{r, z) to be computed after approximately 20 
radial stci«, corresponding with approximately r - 0.99OT. It 
is not worthwhile to use alternative procedures to calculate a 
correct value of tn(I,z). Then, equations (28-37) were solved 
at i * 2 after choosing small values for Ar and Az. The A 
quantities obtained were used in equations (27) to obtain ui,>, 
Dj,,, and Tho same procedure was then applied repeatedly 

to get field values successively at inner radii. 

The accuracy of the solution was determined by calculating the 
lack of satisfaction of certain wall compatibility relationships 
and of Lhe conservation of total volume flow rate. Specifically, 
six compatibility relationships were developed by evaluating 
equations (5) and (G), and those equations differentiated with 
respect to r once and twice, at the disk surface and at z - 0. An 
expression for the total volume flow' rate was formed by integrat- 
ing u(z) with respect to z at each radial station, using numerical 
integration according to Simpson’s rule. With the lack of 
satisfaction of these relationships displayed, the r step size was 
VBried in the solution so as to cause satisfaction of all of the 
compatibility relations within a bound insuring sufficient ac- 
curacy of the solution. It was found that the solution was very 
insensitive to the Bize of Az and that a radial step small enough to 
insure accuracy also assured computational stability. 

A computational program |34] was written and the program 
was executed using a CDC 3400 digital computer having word 
length, and consequently digital accuracy, greater than routinely 
found in large-scale computers. The program was executed pre- 
liminarily using both double and single precision and (single 
precision was found to be sufficient. For a single case prescribed 
by values of A r nt, U t , and F*, execution time was approximately 
45 min using single precision. 

The computational program finally w J as used with /IF * 21 
and with approximately 1500 radial steps between r *= 1 and 
r = 0.03, the radial step size being scheduled to satisfy the 
accuracy criteria previously described. Tfic program was abn 
arranged to accept as part of the input information any u c (z) 
and i/z) represented by /IF data points. As special cases, the 



r*.*0M 


prut: r;i:n was arranged l>> compute ,/ H -values of u t \i) ami e.f2l 
interna'lx fn*m given values of l 0 and Ft, where these are the 
inca- radial ami tangential velocity components tit tlic entrance, 
when instruction^ were aIm given to assume either a parabolic 
distribution or a uniform distribution of velocity over the apace 
between the disks. In all cases of different shapes assumed for 
the entering velocity distribution, l>% and V* were used as the 
meessnry parameter? lor a solution rather than n 9 (z) and tV.z), 
together with a statement of tin shape assumed for the compuln- 
i mu of a pmtieuSar case. 


Results 

As pal till! ViTl i'.Ch* ;• rli of t Ilf Col isi.-, U- In '.V of Die present lUUliysis 
with cm hr; ii’Mihs. i .impuLatiniia were conducted for a number 
of eases, each detined by specifying U i». F«, ami Ann, and with 
the further specification that «*(*) and r,!>> were parabolic. 
Those result.- were compared nt inner radial stations with the re- 
pulls of Mat sch and Rice (30J for asymptotic flow. In all cases 
agreement was found for both the velocity and pressure fields, as 
is necessary for a valid solution. 

As partial verification of the internal consistency and reason- 
ableness of the present analysis, several computations were con- 
ducted fur case’s having the same values of L\ and A ; hk but having 
different values of V#. with the specification that, uotzl and 
i 0 i>: were pnraltolic. At inner radii, away from the inlet, these 
cases all showed the same asymptotic field, ns is necessary for a 
valid solution. As further partial verification, computations 
were conducted for cases having the Bame values of f/», l'«, and 
A'iik but with various and r.(z) distributions; cases ex- 

amined included parabolic, uniform, and discontinuous entrance 
distributions. It was found that the fields computed at inner 
radii were independent of the distributions u*(z) and t«(r), as is 
necessary for a valid solution. 

Fig. 3 is a reproduction of n figure from the report of the 
asymptotic How solution by MrUcIi and Rice |30]. The figure 
allows t lull , for every set of values of b\ and there is an 

inner radius at which u(z) becomes inflected; it has been hy- 
pothesized that an experimental flow will undergo transition to 
turbulent flow near that radius. For additional verification of 
the accuracy of the present analysis, computations were con- 
ducted using parabolic distributions of u c (z) and to obtain 

the radii nt which u(zj becomes inflected; excellent agreement 
with the results shown in Fig. 3 was obtained over the entire 
domain of f/ Q and A rc 

The comparisons described allow high confidence in the 
analysis and in the computational accuracy obtained in aubse- 
ijitcnt results for cases which were not included in the results of 
earlier investigators. Only example cases of the computed results 
can be presented here, chosen to illustrate the general features of 
the flow between rotating disks with inward through-flow. 

Typical results are shown in Figs. 4, fi, G, and 7 for the velocity 
components and for pressure, these results nre for Ut *= —0.10, 
V t - 1.J0, mul A'hf. = 3.0 and for parabolic distributions of n.(r) 
and r«{*). Front Fig. 4 it is noted tlmt the maximum value of u 



Fig. 3 Dimantionleti inn*r radius r, ol which fh* radial velocity com- 
pentttl prom* becomtf inflected, o» o function of Uq and Nrf. 



I 

I 



Fig. 5 Axiol proflloi of ccmpontnl v with r o* a parameter, foe U;, — 
- 0 10, = t .10, and N nr = 3.0, with pora bol really dutributed inlet 


inm-ase? as r dee reuses, ns expected from continuity repme- 
pieii.s. Tim junfilas are not similar, and become le-- f il!” 
progiessively toward inner radii; an innei radius i- finally 
reached at which the u profile becomes infleeled. At all smaller 
radii then profiles as calculated nre increasingly inflected h it rue 
not believed of interest because an actual How would prove to 
be turbulent ftt such radii. From Fig. - r > it is noted thru rapid 
adjustment of i tie t profile take- place over a relatively small u- 
gmn of nidi nl .ii-: am <■ near t he ml ranee, after which the c profile? 
ai e iptite (t it. bee. iming h-.— flat at inner ritdn Rehavim of 
the axial velocity ir i> show:, m Fig. (i white Fig. 7 depicts the 
prr.-.sure static and nuat pics< ilitTeirme belwceit a fluid .supply 
rcseiAoii and ih« Ih>w held :■ : linhiil station r. The slagiudioi, 

} iret — : tn- shown a' i - I i> i)i- static pressure di op iivacssaiy lo 

accelerate the ti as levei'iltly ft in n stagnant supply reservmi to 
till’ Velocities ||. and r t .i;. id r = I; (lie static pressure drop 
between two ra-liat >t a i ions within till- rotor is due to the com- 
bination of a reversible pre-sure drop caused by the changing 
velocity field and an irreversible pressure drop caused by viscous 

The scale to which Figs. 4. 3, and G arc drawn obscures detail- 
of Die entrance region. Fig. S present ft details of the Itehnviur of 
Die radial velocity comiameiil in the entrance region; il is noted 
(hat LtU) is parabolic but that u becomes inflected in a very small 
radial distance. With further radial progress, Die inflection dts- 
upi tears although the moiiutotile distribution resulting in the 



Fig. 6 Axial profit** of compontnl of w with r ot a parameter, for 
Uo -0.10, V, * 1.10, and Nun *= 3-0, with porobotkolly dl*tribul*d 



Fig. I Detail in inlet region of axiol ditlribulion of u with r at 
ter, forU„= -0.10, V 0 ■= 1.10, and N HK - 3.0, with porabc 
tributed inlel velocity 



Fig. 9 Details in inlet region of axial ditlribulion of v with 
rometer, f or U v = — 0.10, V Q — 1.10, and Nuy — 3.0, with pa 
distributed inlet velocity 

region 0 < z < 1/2 is not parabolic. At still smaller rat 
profile becomes the distribution mi icspoiuiing wjih D 
totic flow for b\ ■= —0.10 and .V MK — 3.0. Fig. 0 ; 
behavior of the tangential velocity com(H>uenl m tlie 
region. Here it is evident that the entrance behavior o 
radial and tangential components is due to primarily ll 
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imly to allow Hrcruumndnlieni of tli<* How Holds inside and outside 
of tin: disk spare at r = I, This i- in rnnlrasl wiih inlieri i"u of 
I he « profile,') which minis at rtulii at which the time is asymp- 
totic; inflection there occurs as the end result of n sucpes>iori of 
profiles which Irrcome less full and hence less stable a-. r decreases 
and is believed to eurreepond with transition to turbulent llmv, 
DelniLs of the inlet region fur n case for which = -0.10, 
T, = 1.10, and Ann *= 3.0, and for wliich w#fr) and i <,(z) are uni- 
fnrm, are shown in Figs. 10 and 11. The flow m inner radii is 
(lie same as given in Figs. 4 and 5 since the flow in that region is 
asymptotic nml the two eases have the same values of I.’ c and 
Nut,. It is noted that tire pressure drop occurring in the mint* 
region is dependent on lire v«(z) nnd r 0 (r) distribn(i"ris ; /nO.fi) - 
0.1 OS for panda die inlet profiles and 7jfO.f1, = I). 145 for uniform 
inlet profiles for Vt = — 0. 10, F e = 1.1(1, and A’ nr. = TO 
In an acimd lnnlliple-disk turbine tire flow can be admitted 
in several ways but most commonly the inlet dist rihutioji is 
either parabolic or uniform for most disk spaces. Heeuuse a tur- 
bine uses a number of disk spaces in parallel, both types of en- 
trance conditions normally occur in a single Imbim* 

The rcMilts of a large number of eases computed shm\ that a 
disk turbine is most efficient when Fo is near one; Bn- wniilil be 
c\pei ied intuitively and from experience with eonven! opa! tin- 
bines. However, the imqnc and henre tin- w'oik delivered per 
disk spare increase with F* at the expense of eflicir 1 \ ; ilierefon , 
a range <>f IVvalues is of intoicsl. Figs. ]2 and Id di.av inlet 
detail results f,,r a typical ease having tinge F c ,: in the-' figures 
1\ = -o.io, r„ * 2.00, ami A'm. - 3.0. The flow a! inner radii 
is again the same im given in f igs, 4 and 5 because (hr It and 
An*- values are the same The pressure drop is n,"fh larger in 
the inlet region with increased tangential velueiiy l 



Fib tt Detail in inlet region of oxial di*1ribution of v with r o» a pa- 
romttsr, for U B = -0.10, V t , = 1.10, and NjtK = 3.0, wllh uniformity 
diiiributed inlet velocity 



Fig. 12 Deloil In inlet region of oxial diilrlbution of v with r oi o po- 
rairultr, for U 0 = -0.10, V # *= 2.00, and Njie = 3.0, with parabolically 
diiiributed inlot velocity 



fig 13 Detail in inlet region of axial dillribi/tion of v with r at 0 pa- 
ro meter, for = — 0, 10, V ( . = 2.00, and NiaV = 3.0, with parobolieally 
dithiboled inlet velocity 


Inlet details for a case with F* < 1 is given in Figs. 14 and 15; 
in these figures, Uo — —0.11), F# = 0.80, and Nat: — 3.0. It is 
unlikely that a disk turbine would use V* < 1 as a design value 
since efficiency is low and torque is small comparer! with flow for 
which F t > 1. 



Fig. 14 Detail in inlet region of axial ditlribution of v with r at a pa- 
rameter, for U a = — 0.10, V* ■= 0.80, and N«e * 3.0, with parobolieally 
distributed inlet velocity 


The effect of increased f/» nnd of increased A'he on the radial 
comjxment of velocity is shown in Figs. 16 and 17, respectively. 
The up)K‘t limit of combinations of U t and F* for which laminar 
flow is believed to occur was given in Fig. 3; however, this figure 
presumes tlial u 0 (r) and r#(*) arc distributed according to the 
asymptotic solution. For nonnsymptotic entrance conditions, 
such as the parabolic and uniform entrance conditions, it was 
earlier pointed up that inflected u profiles occur near the en- 
trance, reverting to noninflcctcd profiles at smaller radii. Now, 
for large Nur and /or IVvalues asymptotic How is not reached; 
that is, the inflections at the entrance persist and no uniitflecled 
profiles are reached. A^rk. IV and IVvalues are not sufficient 
to define tins occurrence; it is dependent also on the distribution 
of u*(r) and v t (z). It is believed that the entire flow between 
disks would be turbulent when the laminar calculations result in 
inflected u profiles throughout the disk space. 

Conclusion 

The results give new insight into the phenomena occurring in 
the flow between rotating disks when radially inward flow occurs 
with a pressure difference provided over the disk radius. Because 
the problem description and the methods of solution yield ac- 
curate calculation of the velocity field, the pressure field is corro- 
Bpomiinglv accurate and the efficiency, torque, and power can be 
accurately determined for a turbine application of the flow. 

It does not appear feasible io present the complete calculated 
results over the entire Tange of interest in any form. It is how- 
ever feasible to make a summary of the torque, power, efficiency, 
and pressure drop as a function of b\, Fo, A’re. and r, for specified 
distributions of v 0 (z) and W The results would enable rational 
design of multiple-disk turbines for laminar flow . The question 
of the- regions of occurrence of laminar and of turbulent flow 
should first be settled through experimental research before the 
summary described would be meaningful and reliable. Kxpttri- 
meiilal verification of transition from turbulent to laminar Hi>w 
in outward radial flow Ixqween stationary parallel disks was 
provided by Kreilh [351. Furthermore, Kreilh presented quan- 
titative criteria for the radial station at which such transition 
occurs and suggested that laminar flow will exist only where the 
viz) profiles are uninflected. The present investigators have 
suggested that similar phenomenon occurs in radial inflow be- 
tween rotating disks and that transition from laminar to turbu- 



Fig. 15 Detail in inlet region of axial diltribution of v with r ai a pa- 
rameter, for U c «* —0.10, V» * 0.80, and Nke =* 3.0, with parabolically 
diiiributed inlet velocity 


lent flow will occur near the radii depicted in Fig. 3. Experi- 
mental verification of this and of the results of the present 
analysis is needed; no experimental data adequate for this pur- 
pose are presently available. 
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Laminar Inward Flow of an Incompressible 
Fluid Between Rotating Disks, With 
Full Peripheral Admission' 

DUSAN NENDL.* The author Inis present ed n fine tuudytical 
approach to the investigation of the prolilein. The solution 
yields an iiccmale culctilul ion of ilie velocity field for all radius 
r< 1. )tnl foi the imtnediate vicinity oT the inlet, i.e., r * 1 + t, 
where * « I, the boundary-layer ussumpl ion is tiw> rough. As- 
suming the presented mnmrirul solution as a first iippro.vithat iuti 
for this region and plotting the results of Fig. Hi of tlie paper a- a 
fmiclion of r with z as ti parameter (Fig. I hero, we see 
Uml in the immediate vicinity of r ~ I the derivative dr Or is 
very great and that in the region where Ot /Or change- its sign 

1 B\ JC. E. Boyd uml W. Hice, puhiished in the .hint', H'bV issue of 
l he Joi iiNai. or Ai'imii MmiASim, Vol. 35, Tuans. ASM F. \ ol. 
IK), Scries K. pp. 22!* -237, 

* i'rfileKsor. Lelirstuli! fllr Tfictuiischo Mechanik, Tevhnwhe 
llorlisehule Aaciicn. Aachen West (ierniany. 



Fig. I D tl oil in inlet region of axiol dixfribulion of v with ton porom- 
eler f oi V„ = —0.10, v* - 2.00, ond Nan = 3.0, with porobolicolly «b»- 
fributed intel velocity 



with (J — 'Jr hi, it, (in the Nomenclature of the paper!, 


A* 


T P 


UP/f'hl, 

P 



(1) 


we see, tliat the factor I/A'* has tin; stone form ns the visco- 
geomctrical tindlieienl a useil in the tiimlylicnl analyses of Fiebig 4 
nnd Neodi [171 of the jMiper. The I’cynolds number He *= 
phii ( p l= ~p(j/pf) alone (see (1)), ns used by M oiler, does not 
tieem to i»e n satisfactory criterion for a radial flow between two 
planes, ns the geometrical form expmssed in h !r t is of r>ssential 
importance Assuming, that the radial inflow between two 
rotating disks hns the same value ns the coefficient of transition 
A = 0.22 ns mi out wiml radial flow between stationary parallel 
disks and rearranging equation ( I ) for (lie outer inlet conditions, 


Using r, *= r, ns a solution |mrmneler, we can plot equation (2 ' 
in Fig. 2. The shaded urea is the turbulent region with A > 0.22, 
the unshaded left area the laminar region with K < 0.22. 'Phis 
consideration shows : 

("liven a critical value of A, =■ const or cr t = const for a rad ini 
inflow bet ween two rotating disks, the transition from laminar 
to turbulent flow does not have to correspond with tin- inflection 
in the radial velocity distribution. Tlie-e can be two quite indo- 
pei idem phenomena. 


J. L. DUSSOURD* This discusser is pleased, indeed, to sec that 
the work initialed at Arizona Slate University on the subject of 
rotating disk- tnrhormichinerv ha- been carried )•> thr* point 
where exact solution of the flow has been sought. Tin- type of 
devec should he finding applications in many proce— fs where 
urm-nal fluid- are handled and where elhciemy i< secondary. 

Study of the mathematic- of the authors' f | , mode! did, how- 
ever, po-e -t.me problems lu (hi- dt-eitsser jmd help o? cIhi ilieatioi) 
i- hej el >,\ -oirgiii 

! Fnllowjug n-die-tiou of eipmliou- t 1 • ■ A . in c< put Unite 
A • (7 i, care niii-S be lnken in t he -elect ion of the h-unulm v e,,n- 
ii li inn w lu. d m>w must be reduced in numli i 'Flic lollowiiig 
point - it re ma'Ie 

-oi Inlet I- lit im. at .( 1 should -pceitv the di-l t ihu i mti uf 

a In the pre-cut ease either tc ( I, r) - 0 or some other condi- 
tion ii i ust be n 1 1 1 uduced such as a given |)iofilc in u and r at 
r / I d Tin- m turn delines w nl r = Ml. 

(//! I'm ( oreluion pi /,, » ) = I) tequnl iott ! 14 i ol the paper) is 

not really a thuy eomlitioii -inee llie naluH- of the solution is 

unchanged by the eho-en value of p at r, . Note that the cuu- 
d it ion uf ci .ns i-t cney of pres'lire at r = r, i- already linjihrit in 
( .7y 

! r.) Condition (10) of the pajitrr 



C really artificial and unrealistic. Should not a more u-eful one 
Ire 


dU 


(r, 0) 


0 


because of ilie inflcetion point at z <= U? 

2 In an effort to sillily tlie importance of eipmliou (ID, which 
i- laici dropped by onlcr-of-inagiiil mil' arguments, tlu< discusser 
alt cmpUal to calculate the magnitude of some of the terms in 
equal ions ( 1 >- (7 ) using the rositll- of Figs. 4 -7 of the paper . A 
selected point was z = 0.4, r = 0.3. Kqtialion t 'D, and to a lesser 
extent, etpiatioii (ti) could not be satisfied. Have the authors 
verified the result- and satisfied themselves that higs. 4-7 are 
indeed solutions of ec|imlioiis (a/ (7)? 

:> Coii-idFrnble interest exists in the resultant calculated 
shear stresses and torque for application to rotary disks turbines;. 
However, nowhere in tlie paper is this vital information pre- 
sented. This detract.'!! considerably iu* to the usefulness of the 
results since verilication of the nreuracy of the solution can only 
be made by torque and pressure meiisuremi'iits and not at all by 
velocity ptiriile mensiiremenls. The authors have eonsidetable 
earlier rosnh< from experiments and less relmtal analysis. Do 
they agree w ith Lite present results? 

This disen«ser liojtes these points of clarification can W quickly 
disposed of bv the authors and that they do not detract from tlie 
merit.- of the paper. Again, very sincere congratulations arc 
extended fot attacking a diflicull and interesting problem. 


Authors’ Closure 

Tlie remarks of the discussers are consiilensl by the authors to 
be thoughtful nnd informative. 

In the entrance region (and in the region where r is small), the 
viscous term- dropper! by the authors arc indeed appreciable. 
However, omission of the terms is not so serious as suggested by 
Nendl; the entrance region is a very small part of the total Ilow of 
interest, and the term- are not appreciable in tin* a-ympt otic How . 
Furthermore, tlie pressure drop is the main quantity of iul crest in 

trance region, and omi— ton of the term- does not strongly 

ailed ilie pif-s-nie enhiuial ions. Lastly, of tin 1 three vi-eotis terms 
umit ted, two of tiie same order of magnitude nte of opjtosite sign 
and jemt t-. ranee!. The mil iims are i-onfitlcii! that the solul ion is 
lieiinitivciv u-eful even though Uie terms are omitted. 

Tire ju~! itu'iii ion of the foregoing remarks i- brief computer 
-l Julies «>f the size of the neglected terms and the effect of the 
terms on the pressure gradient in the cut liiine region, and the 
results of experimental work completed .since publication of the 
papei unde' discussion. Detail- of the experimental study await 


pubiicat ion. but it mu bv iv-pmicd here that the analytic; 
are coinpletelv suli-iaut uiied cxt:! hi the entrance region, iusufat 
as pressure di-l ni*ut ion i- ^unreined. 

The experimental ic-ult- al-o -how that t he aul hot-' hv '| m ii hc.-i- 
of t ran.-ii ion nea r t he rad in- at w ht<h inllecl ion of i he n profile oc- 
curs i- ii.coi'ieel . The suggv-i i«*ii- of Nendl eimceri lii ig t ransilioii 
are appreciated arid ma v be em revt . I low evei^ the a-'Miiplion.-' 
that rotation of the di-k- doe- not change the natme of liii 
phenomenon of tiun-iliim. ot the value of l\ , siian -perulatix (c 
The c\[h*i t mental rest til- lefem-d to are cxjM*eted to deli ui lively 
U t is w ci the question of tlie riiteriit for trausitioi' for ihe flow 1 m*- 
t ween mint itig di-k-. 

The coiteetiies- of the pmhlem siatenirnl u-ed in the solution i- 
-o' eoueer ■ i. as indicated by Du—ourd. It is true that Ilie condition 
p[r n ;? = U is mil a boundary eomlitioii and should have been 
introduced only a- a convenience by the authors The authors 
used an 1 . *j = U fot ermvenience; I his mat ter is discus-ed lu ii llx in 
the paper. The s|K.*i'ifiiation of ayl, z) doe- not appear to be an 
inlet rnud it ion indeiRniilent of u( 1 , z> ami «'( L z) I given a ami % te 
is uniquely deter miitexl, lait it is inconvtmicnl to use it ‘'cor- 
rectly.'’ and a very small error is introduced by using ml, z) = I) 

The nut tiors agree Hint I he us<; of — (r, 1/2) 0 os an auxiliary 

Oz 

condition is artificial. A more “correct" condition would he that 
suggested by Dussounl. A .still more corrmt jirocedure would be 
to retain some form of the dilTeretiliti! equation expressing forces in 
the axial direction, even llinrigh till terms of the equation are of 
negligible size compared wit 1 1 terms kept in the oilier equation*. 
All that is necessary, however, is to introduce some restraint on 
the rc solution which will cau-e M-(r, 0) - 0 and ic(r, 1 2) •= b in 
lla* forwurd-stejiping procedure, and provide tin* addii amal equa- 
tion needed for unique solution for u, r, v ami dp dr. The condi- 
ditioii used is siiflieiviit although not palatable. 

The problem statement is satisfied by the results presented at 
z - p.4, r = 0.3 to acceptable accuracy, for the f ’e am! .Yhk values 
used in Fig*. 4 7 *>f the paja'f. I) is dilhcult to obtain an accurate 
check Using the figures in the paper; the authors conducted ac- 
curacy checks during cnmpiilnl ions which assured that ail results 
were within aeeeplaldy error l«mnd- with regard to satisfaction oT 
eonlmuily, equations of motion, and several "eompat ihility 
function.-. Again, ris-enl ex|K'i imental result s mnfinn the cm reel- 
lie— of the Uriah t real results. 

The shear -tie— es nnd the torque, and also the turbine clh- 
eienex', were ramiptited originally Imt were not included in tlie 
paper beenu-e very extensive graphical presentation will be ncecs- 
narv. Also, thtN-r 1 turbine |«‘iformanee eharaeleristies will be more 
Buitnblv diseus-es) in a separate publication and with additional 
consideration* which would Ik- out of context in the paper under 
discussion. The authors agree that the information is vital for use 
of the results for di-k turbine pur| roses and will make the informa- 
tion available a- rapidly as possible. 

An earlier paper by one of the authors* gave an unrefined limit 
ysi- of the flow. Using bulk fl< w paratnelers inehiding ;» “friction 
fnetor," referred toby Diu-imid In the computations di-m-sed 
here, tlie friction factor wa- joinpuled as an afterthought, and 
was compared with tlie re-nh- of the earlier paper It was found 
that the friction factor i- actually far from constant, and the au- 
thors believe that the rt-ult- of tlie earlier paper should nut be 
used since bettei :ioai\-e- are now available. 

Karliei experimental fiMjh- obtained by one of the author- were 
olq amvd using aii a- the Hurd, with pressure ratios high enough to 
grus-lv violate 'he imompte— it>le nh>ali/.ai ion of Ihe pn-eul pa- 
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]>er. Therefore, no ■•oiiqtai i-on oj result- 
ant hor-. 

The aulliot- Hop* ifer the-v ivtnaik- in 
they for the point- la>-cd by the disci 
emit mite improvement ot knowledge in 
documentation of tesuh- 
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Experimental results are presented for the flow of an incompressible Newtonian fluid, 
until full admission, between closely spaced corotating disks. The radial pressure dis- 
tribution is shown to coincide very closely with analytical results for laminar flow 
e/irlier presented by other investigators, over a wide, range of the parameters pertinent to 
the flow description. A referenced analytical mode! for laminar flow between corohiting 
disks is thus given credence. The experimental arrangement and procedure are de- 
scribed and a supporting uncertainty analysis is presented. 


Introduction 

Tin laminar throughflow of mi incompressible New- 
tonian fluid between closely spaced parallel corolating disks bos 
lieen considered nna lyl trail y by numerous investigators recently 
f l — 1 1>] * This problem is distinguished from oilier flows in the 
presence of nun ling iii-k* by n throughflow of fluid between the 
dL'k< Brener and Pnhlhmiscn |1) and Puebe and Kreitb [2] 
gave solution- for the case in which the fluid progresses radially 
outward between the disks; otltcr investigators (8-flt have con- 
sidered flow which progresses radially inward due to an externally 
applied pressure difference between the outer and inner periph- 
eries. 

The analytical interest stems from the occurrence of such flows 
in multiple-disk turbo machinery and in certain elements useful in 
fluidics, 'fhc* analyses of references [1,2, 10] relate to mnltiple- 
di-k pumps. references (3- 1»] nrc concerned with tin- flow in 
multiple-disk turliines and in fluidic momentum rate sensors. 
Tlic flow is also of interest in a variety of Application!* including 
water desaliniziition, acoustically cpiiet rotating machinery, and 
certain heat and mass transfer npparal ii<. 

Several experimental investigations have been reported [ 1 1- I5j 
n which multiple-disk pumps, blowers, and turbines were con- 
st meted and tested These have shown Uie feasibility of multi- 
ple-disk lurlxmineliiiicry and have demonstrated the uniqueness 
of certain performance chimtct eristics, hut the experimental re- 
sults have not enabled confirmation of analytical results because 
of the bases in Uie liirlximachiiica external to the disk rotors. 

Each laminar flow analysis earlier referred to has incorporated 
one or more idealizations and Air compromises in the assumed 
geometry or in the terms kept in the governing differential equa- 
tions, in order to facilitate a solution for the equations. In par- 
ticular, Puebe and Kreith (21 used truncated series to represent 
the velocity components and the pressure and incurred errors of 
unknown magnitude due to the truncation. Investigators in 
references j 1, ,'M>] omitted certain terms from the Navier-Slnko.- 
eqiialions to render them parabolic in form, following ordcr-of- 
iiiagnitude arguments. References [I, 7j found solutions ini* 
merieally try methods subject to computational errors; the-e 
errors were shown to be minimal but undetermined. Mal-di 
and Kier ho] used an ilerat ive technique subject to midclmnined 
error acnimulation and a limited region of convergence 

’Plie sources of error in the published analyses, and in parti- u- 
Inr, t lie reduction of the governing equations to parabolic form, 
have been critically reviewed by the discussers of earlier pub- 
lished analytical results [ lti, 17 ; For further pruguv- in apple - 
lion of flows between rotating disks, a large amount of param- n o 
computation and presentation is required, based mi the analytic -a* 
results: resolution of the questions of correctness and accuracy 
of the Analytical results has been needed. 

Progress in application (nnd in further analytical study i of ih- 
liow lieiweeii rotating disks luus also been impeded by the lack of 
knowledge eoneerning criteria for transition from laminar to tur- 
bulent flow in a radially inward flow, mid from turbulent t-- 
laminar flow in a radially outward How. AH analyses of laminar 
flow have shown a radial region in which the radial velocity com- 
ponent is inflected, nnd a region at larger radius in which it is uu- 
infieeted. l-’or radially inward flow, Matsch nnd Rice I'd corre- 
lated the ratlins at which inflect ion occurs w it h the t wo parameters 
for asymptotic flow, ami suggested that the laminar flow for which 
the inflected profiles were calculated would he unstable and ex- 
perimentally would mark the beginning of transit ion to turbulent 
flow This possibility was restated and amplified by Boyd and 
If ice 1 7 j . Nendl | llij, in n discussion of reference j7j, discounted 
these hyi>otheses, and suggested instead that transition is not 
directly related to the calculated inflected velocity profiles, but 
rather is described by an empirical correlation adapted from ex- 
|M-ri men l » I results of Kreith [IS] on transit ion in radially outward 
flow between stationary disks. Resolution of the question of the 
correctness or any of the foregoing hypotheses regarding transi- 
tion is needed 

For assiimeri laminar flow, the analysis due to Boyd and Rice 
[ 7 J is tlic most definitive, nnd the most praetind with which hi 


compare cxpenmunl a! data. It includes and agrees with all oilier 
analyses known to the mil Imre, for flow in the asymptotic flow 
region. Ji is therefore used in the comparisons discussed Inter 
herein. 

Miicli less has been accomplished Analytically fur turbulent 
flow than for laminar flow. Rice |12] and Beaus |H) introduced 
different Itunperl-pnrnnietcr governing c(|iiations nnd turbulent 
Rliear stress assumptions and calculated tlic resulting performance 
of turbine elements. Both approaches involved approx in ml inns 
that make tlic result.-* speculative. 

'File experimental invesligm ion herein reported was designed 
and conducted to provide experimental data with which previous 
analytical results for laminur analyses can be compared. 

Design of Experiment and Apparatus 

As shown by Matsch |(1), the most general flow between disks 
is that for partial admission al the outer periphery; in this general 
laminar flow, the parameters arc the Reynolds number N u„ a 
volume flow rale parameter Vt, a tangential velocity parameter 
V’i, (lie peripheral distribution of the pressure and of the velocity 
ooinismems, and tlic disk-lo-disk distribution of the velocity 
«nn|>mients. However, at a distance HiifTi crintil ly inward from 
tlic periphery "asymptotic” flow is reached; the asymptotic flow 
region has only N u, and f/ # as parameters. In the case of full nd- 
miasiim, which all references except |!f, 4,(i] treat exclusively, the 
flow I ias Nit., Ut, \\ and the disk-to-disk distribution of the 
velocity coitijroiieuls as parameters; the flow Irccomes asymptotic 
at a larger radius than for partial admission, and luts only the two 
parameters, N'k. and in the Asymptotic How region. 

Following these realizations, the ex ] Kiri men t was designed U* 
provide full admission as nearly as possible, and to provide data 
at a wide range of coinbinul ions of N >o and U*, with no specific 
control of U* values or of the d isk-lo-disk dislrihution of tlie 
velocity components. This wils in anticipation of nt least a 
limited experimental range of laminar flow. Thus valid com- 
parison of experimental and analytical data can be made only in 
tlic region of Asymptotic How. The experimental (lata nlso pro- 
vide qualitative insight in the nonaaymptotie entrance region. 

The various analyses provide the three velocity eomponcuf.s as 
functions of (>, z) and the pressure as a funetiuii of radius, as re- 
sults. However, the analytical results are predicated for a con- 
figuration for which h << r; thus, in an experiment, the spacing 
between disks must be very small and measure met it of the 
velocit y profile.- seems to Is? precluded. From examination of the 
calculated pressure as h fund ion of radius, in the asymptotic 
flow region, for a wide range of combinations of the parameters 
Nii, and f it is dear that the radial distribul ion of pressure is a 
rapidly changing and unique function of tin* parameters when the 
flow is laminar. H was concluded that the measurement of the 
radial pressure distribution is sufficient to verify the correctness 
tor incorrect ness i of calculated resnlls when tiie flow is. laminar. 

Experimentally determined pressure distribution data that 
agree with the calculated pressure distribution based on the 
laminar model in a radial region are taken to indicate that the 
flow is iatmi.nr m tliat region. A wide lack of agreement would 
indicate turbulent flow. It is |»oiiitcd up that here, as elsewhere 
in fluid mechanics, the terms are somewhat relative; flow allied 
"laminar” probably luis intermittent turbulent regions and/or a 
thin locally turbulent core; flow called ‘'turbulent'' is merely 
mostly turbulent in time ami space. 

An extended study was conducted of the effect on uncertainly 
in the exjrerimenlnl results, of ex ]>eri menial errors in determining 
p, p, h, U 9 , Q, and [>. 7'he study resulted in (he choice of disks 
with lit «= K.000 in., //, = 1.000 in., fi — O.OtlO in., and in the de- 
ci-siou to design nnd manufacture tlie experimental apparatus in a 
very substantial version using precision manufacturing tech- 
niques and massive .structural pnrts. In particular, the disks 
were extremely rigid nnd were surface ground to achieve excellent 
dimensional tolerance with res|>ect to flatness niul smoothness. 
Largo carefully aligned bearings were used to Assure that the 
disks were parallel and concentric; direct measurement confirmed 
that these were attained nfter assembly. The (low was supplied 
by a nozzle ring which received flow from ii plenum rhnml>er nnd 


directed the flow through H0 discrete nozzles at a fixed small angle 
ttelween the flow and a tangent to the disk circumference. The 
flow exhausted from the disk* nt radius through a hollow bear- 
ing shaft, into an exhaust plenum which was maintained full of 
fluid. The foregoing features arc shown schematically in Fig. 1 . 

Small clearances were provided between the rotating disk As- 
sembly and the housing; earl am seals effectively prevented leak- 
age between flic shilinimrv housing nnd the rotating Assembly. 

The choice of rotor dimensions, and the desired ranges of Nr, 
and l- t to be achieved, governed tlie choice of angular velocity 
and of fluid properties. Errors were found to hr minimized for 
I- —■ .*> cent ist nkes. Accordingly, tlie experimental fluid was 
chosen 1o he a water-ethylene glycol mixture having the desired 
value of v. It was determined that this fluid also 1ms a reasonably 
small coefficient of viscosity change with respect to temperature, 
which is required to minimize errors due to viscosity change with 
the small temperature rise through the flow caused by viscous 
dissipnt ion. 

The fluid (lowing between the disks produces a turbine effect ; 
however, for the single pair of disks, insufficient tort) tie is pro- 
duced to inaiiilain rolnlion in 1 he presence of restraining torques 
incident to tlie experimental Apparatus. Therefore, the disk as- 
sembly was rotated nt any desired sihhhI by a variable speed gear- 
motor, indicated in Fig. 1 . 

The design study also resulted in the choice of an electronic 
turlxinieler for measurement of the volume flow rale, Q , and of 
electronic means of mens tiring the angular velocity, H. 

Immediately Indore opera lion to obtain data, the density and 
viscosity of the water-ethylene glycol mixture were measured. 
Density was determined by use of a hydrometer; viscosity was de- 
termined using » Ubbelolule viscosimeter in ft constant tempera- 
ture bath. 

The upjiet one of the two rotating disks was provided witli lift 
holes arranged in two diametrical patterns, as pressure tups »t 
known radini positions. The holes were each 0.015 in, in di- 
ameter, made by drilling normal to the disk surface. It was 
determined by cx|>eriinent during the design phase of the in- 
vestigation that larger static pressure taps would introduce error 
m Hie pressure measurement due to the small (0.000 in.) disk 
spacing. The pressure measurement becomes precise (with ro- 
sj>ect to the effect of static pressure lap size) as the diameter of 
the pressure tap approaches zero; it was experimentally deter- 
mined that the diameter chosen foi the pressure tups fur the 
main experimental apparatus yielded the asy inplot ieally correct 
pressure well within other sources of experimental error in the 
p ress 1 1 re metis m e n i e n t . 

Each pressure tap was connected hermetically to one of two 
rotary electrical selection valve-, each of which connected to a 
pressure Iran.-dueer, and all of which rotated with the disk as- 
sembly. In this way. at any time during the colled nm of data 
n selected pressure t up could be connected 1<> a pressure trnn<- 
dneer, and specifically, ea> li pressure transducer was stepped 
from one pressure tap to the next in sequence in the normal collec- 
tion of data. 

Precautions were taken to Assure that nil connection tubing und 
selection valve parts and transducer volume- were filled with 
liquid at all times. Ill subsequent data reduction, due account- 
ing was made for Hie pressure difference between each pressure 



Fig. t Schematic riiogrom of •xp*riin*«lal anambly 

Nomenclature 


= distance bei ween disk- f/. l 

- dimeiisiiiiiless Revnolds number, 

ilh' r 

= pressure diffeieure IF fid) 

- dimensionless pressure difference, 

P P ( - W 

- volume flow rate (/.*/'/’! 

= radial distance iL) 


r - dimensionless radial distance, 
r/h'o 

h\ -- nulci rarliu- i /. i 
— inner radius < I. . 

( t = dirneiiainiilc— volume flow rate 
parmneler, Q 'Zrrlit'hil 
]’* = dimensionless velocity parameter, 

r h "l 

\ 7 <:>dz kill 

-k/2 


F, = tangential velocity at radio.- /t**, 
\' T (z,,tL.T) 

i - kinematic viscosity of fluid 

t IS "Ft 

ii = angular vclocily of disks (rad ! T) 
p = density of fluid {M /Id) 

p = viscosity of fluid (M /LT) 
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An integral method is developed for the three-dimensional , nonboundary-layer flow 
which occurs for laminar, radially vntmrd through -flow of an incompressible Ncu'- 
tonian fluid between parallel corotating disks. The method is a fonoard-stepping pro- 
cedure which forces satisfaction of integrals of the governing differential equations, plus 
boundary conditions, plus the governing differential equations at every radius. The 
t 'clocity components are represented by polynomials of order N , the method is extendable 
until extraordinary ease to any mine of N. It is reported that, with N *= S, the results 
agree very clnsclv with results earlier obtained by a conventional finite-difference method 
and which agree with experiment. It n pointed out that the method presented is e.v- 
trcmelx conservative of computational time and might be adapted to many other problems. 


Nomenclature 

a _ a{r) = coefficient in jmlynomiid u 

(dimensionless t 

I, = b{r) = coefficient in jxilvnominl u 

(dimensionless) 

h = disiniiee between di*ks < length) l\ 

j, n = indices (integers) 

A' = order of polynomial : integer,' 

p\lh * 

\’hk <= -, Kovnold- number (dmien- 

E t 

sionl 

ft ~ pressure (for re amt ) 
p = f>. pSJ*?#*, dimensionless prt^isnrr 
r = radial space euordinale (length t 
r = r/>», di men. “ionics* radial spare t f 

coordinate 


radial «<nnj»*>neti I nf velocity 
(length t tine I 

v/ilft, dimensionless rmlial com- 
ponent of velocity 

2 I »(l, rid:, dimensionless 

Jo 

flow rale patametci 
tangential component ve- 
locity (length I > n k ■ ■ 
f dimeiiMmsit-'' tarieeiiiiitl 

COIllpl lilt'll l nf Vl‘lr ii’i I V 



z a Iz, liimen.-n mlcss 


tangential velocity parameter 
axial component of velocity 
(length /time) 


i c = u/V.li, dimensionless axial com- 
pone til of velocity 

r = axial space coord in ale (length) 
z = iji, dimensionless axial spaee 
word mate 

ft = dummy variable in integration 
£ = dummy variable in integration 
p = viscosity i foree-liinc .'length’) 
it ~ angular velocity of disks trad, 

1 ime ) 

p ~ dens i l y i mttss /Irngt Id j 

Subtcriplt 

i — inner radius of disks 
o = outer radius of disks 


Introduction 

T UK flow hetwpou airnlatmg disks is of basic interest 
in fluid mechanics. In the ease of steady laminar flow of a New- 
tonian incompressible fluid, with thronghflow between the tiisks, 
the flow may be either radially inward or radially outward. In 
the case of radial outflow, 1 lie flow corresponds with Unit in u 
multiple-disk pump, which has been treated extensively in the 
literature |], 2, 3, 4].* In the ease of radial inflow, the flow cor- 
responds with that in a multi pie-disk turbine; the fluid is supplied 
a: the outer jreriphery of the disks with a tangential component 
a> well ns a radial component of velocity, ftlifl with pressure 
greaier than that at an inner exhaust riulius. This flow him also 
received extensive investigation because of the potential npplira- 
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tions of multiple-disk turbines and because of occurrence of the 
flow in certain fluidic elements. The feasibility of such turbines 
lias been amply demonstrated experimentally [5, 0, 7] . 

Analysis of the turbine-type flow has also iteeti extensive. 
Matsch and Hire obtained solutions for the limiting cases of 
potential flow [8j and creeping flow [UJ between corotaling disks 
with arbitrarily distributed fpnrtial) admission at the outer 
periphery of the disks The general laminar flow of a Newtonian 
fluid between corotnting disks is descrilred by the Navier-Stokes 
equations; the flow is strongly three-dimensional. It is subject 
to the no-slip boundary eonditions at the disk surfaces, and the 
fluid may be supplied at the outer periphery nf the disks in a wide 
variety of ways. Matsch and Kin; [10] lindled consideration to 
full (uniform > peripheral di-tribul ion of the fluid supplied. In 
refei (I0j. Older of magnitude arguments are used to simplify 
l he governing equations and an iterative solution is given for the 
asymptotic flow field; the .concept of the asymptotic flow field i~ 
iriven in reference [HI], and it is shown llutl llte flow has two 
parameters. A Kf: and f/„. 

In a paper abo concerned only with full peripheral admission, 
Boyd and Hire [M| precepted a numerical method which i.- 
deftntl ivclv nccurale ami complete for I lie turbine flow, including 
the entrance region as well a.- the asymptotic flow. The reduced 
equations, established in reference [10], were used; it was shown 
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lliat 1 he eutrniii'C region preceding Ihc asymptulit region lias the 
three pn minders A’a,., l\. and F c for any given disk-to-disk tli.s- 
trilmtiDti of (lie velocity (ximptuients. In reference [11], the 
imlurcof the enlrniice flow is clarified by examples Jl is pointed 
out that I he numerical method presented is sufficiently accurate 
to allow calculation of quantities of interest amh a.s "turbine 
efficiency," torque, and power for the flow between coiotaling 
disks. 

An experimental investigation reported by Adams and Rice 
[12] substantiated the adequacy of the problem statement and 
of l lie numerical solution of reference (Jl); that is, very gtx»d 
agreement was obtained between the results of reference [1 1 J and 
ex|>erimcnl over a wide range of combinations of A'ltr, i’t JV 

At this point in the developmental history oT multiple disk 
turbines, two further tilings are required to enable design of in- 
compressible, laminar flow, full admission, multiple-disk turbines 
for given applications, and/or to calculate performance for com- 
parison with conventional turbines: (n) experimental deter- 

mination of the criteria for the omirreiiee oT laminar flow rather 
than turbulent flow between eorolnfing disks (nil experimental 
flow encountered in reference [12] was laminar), and (b) caleula- 
tion of numerous flow eas<w and extensive plotting of the results 
to yield performance mnps for the rotors of multiple-disk turbines. 

The second of the foregoing requirements could be fulfilled 
by using llte numerical procedure of reference [II) since that 
procedure is definitively accurate. However, 1 he method is not 
sufficiently efficient with regard to digital computer time, when 
a very large numlwrof eases is contemplated. 

The computational method presented herein can replace the 
procedure of reference [I I] for solution of t he same problem, wiih 
a reduction in required computer time to approximately 2 percent 
of that required by the numerical procedure of reference [I ] j. 

Furthermore, the method of solution presented herein is of in- 
terest in basic fluid mechanics since it applies to a flow which is 
strongly three-dimensional and not of a boundary-layer nalure; 
that is, the pressure distribution is not prcscrilied in advance but 
is solved for simultaneously with the velocity field. Jl is an ef- 
ficient and accurate method ; it will lie later shown that an accuracy 
equal to or greater than that of reference [II] is achieved Be 
cause or this basic importance, the e-ssenlial features of die 
method arc reported in some detail here. The limitations of thy 
method and its strengths are documented. 

Finally, it is noted tluil a solution for the flow between corotal- 
ing disks implie* a solution for r hr- flow between enrol iiling conical 
surfaces [13], Turbines with rotors composed of nested co- 
rn tilling cones have been opetaicd experimentally joj. 


Problem Statement 

The geometry of the flow parage and a coordinate system an- 
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Mere u, and t 0 are arbitrary, lull. prescribed, even functions of z, 
il follows (liat tr is an odd function uf z. Tu complete tin- 
pr i >1 >ir i n si moment, another equation is needed, and i- obtained 
in convenient form by integral ing equal inn O) repeatedly with 
re-pe'-l to z, using appropriate boundary condil intis and ti-itiir tin: 
fact that volt nne iinw rate is conserved along tin- dbk radius 
'l iit- refill i i nil equation i? 
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when- ! \ is the mean value nf >/«- Finally, 
vetiieiiee.it i* specified that pyr^z) = U. 
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Development of the Solution Method 


when- the prime denotes different iiilimi wilii respect to r. 
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< ’h-arly equal nm* }I3) Hi) indicate t hrr possibility of n>n- 
-tMitmt; a n >i w ard-si epping solution, starting with known 
vc!o<-iiy distributions ut and r, at r - I Kaeh step upccssiintes 
a -Miitnm nf the differential equations f'ldi-ilGj, for «, and h t . 
However, luclih nifJeeted velocity profiles occur in l lie solution, 
to rvpresou; these profiles, polynomials of at least fourth order 
tm required. For fourth and greater- order polynomials, equa- 
tions dd (H>; are iiiauflicient to solve for a, and b, . For this 
reason, addniona) relntioi)& fw^lweeri tlie a, and It, are gene.raled 
by retpuriiiR the different iid equations (1 ) to be aatisfiral in 

I lie How to yield the coi :ei - t tmniber of equal ion- to allow solution 
for n, .‘Old /q. rite uunibcr of equations inv- lved depends on the 
order of the pol vnumini- elnVeti to repre.-t-ni the velocity com- 
pnnei it - 

Tlte mi*i In *ti indicated above for geneim nig the additional 
equal toils fin m nnd fq i- the uniipie feature of this integral 
method, winch allows it to be easily ext ended for use with poly- 
niunial.s of any older; i Ills feat me t' also laijidy responsible for the 
excellent amiracy and very rapid eompul al ional ability of the 
method 

S]ieeifi( ally, to generate l he needed additional relations, equa- 
tion (1 1 is wri 1 1 eti a- 
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for ftnv value of A . The rernaiuinir unuseft boundary ronciit ion.-, 
nfr, 1 -i'> = ti and cir, ’/*) = r, are list'd lo complete the sci tif 
(‘({nations for f*,,for any A . and at every forward step 

A I the entrance, the initial distributions n<, and i e are applied 
by "fitting" the polynomials of the ebosen order A , in equations 
(|0t and (11), tu obtain n, and It, at r — 1 It is noted that 
ic 1 , z ) is then also known. 

1'aeli step inward from tt radius at which the field values un- 
known involves solution of the set of ordinary dtlleren! la! cqmt- 
lions earlier described for n, and l>, a! the umei-iiujinl siusioii 
The equalioii.s earlit-r described eoiisi ti uu- ‘J A + oribicn y dif- 
ereiitial equntimis. For each radial step, soiutio:, i an be made 

i t a is t eilieiently by a pil'd id oi-corrccloi ineihod The 

advanluges of a jiredietor-eorrecloi inethial arc* 1 lie vei v rapid 
computational time and the readily estimated error which can hr 
used as a imsis for choosing step size. The primary dis/ul van) age 
is that the solution must be known a! r._ } , r,_ : , r» and ;y in 
order to find the solution at r. + 1 . r Fhjts the method is m>: sell- 
starting. For this rea.son, a Itiiiige-KuUa-f.iill jl-J; method was 
used to provide starting soltllioiis and an Aciiutis-Moulton j!4j 
method was ttsi'd following the starting solution. The-se met hods 
are well documented elsewhere and can la' implemented in many 
ways varying in detail, and are not further discussed here. 

The solution was begun atr = 1 using an extremely small step 
size, A r = It) - *. In calculations for each forward step, the 

truncation error, K k , was calculated, and compared with preset 
allowable error bounds, £»»* and If E K > K M , the step 

size was halved ami the calcttlalioii rc])cated, the H-K-C» method 
being used to rtiSt-arL t he solution. If E K < F’ u ,,u, the step size 
was doubled and the ealculnlion repeated, the Jt-K-(l method 
l>eing used to restart the Bohition. For E m . x < E k < /-)«,, , , the 
step size remained constant and the A-.M method wiu> list'd to 
nmiiitue the rnlculal ions. 


Results 

The solution procedure descri!»cd was evaluated by comparing 
results for K ■* 4, A* — G, and A “ 8 with each oilier and with 
the results or references [13] and Jl'2| for a wide range of com- 
binations of the three parameters A nn, ('», and F, In all casts, 
at some radii the M-vnlncily component profile is highly inflected; 
for this reason I lie results for jY - 4 were very poor. However, 
results for N ■«= 0 were in good agreement with ro-sulis f t >r ,V *= S, 
thus showing that increasing A' causes the ntellmd to converge 
lo the correct solution, asymplolieally Kurlhermorn, roidt- 
for A' «= 8 were in excellent agreement with the results given in 
references |J1] and |12]; limL is, wit i i « solution known lo be 
valid and accurate, and with cjqrerimcul . It is not feasible lo de- 
lineate the. very small differences between the various results; 
the differences are not meaningful for any eombinat ion of the 
parameters and in general are less than O.tJl percent, distributed 
randomly. 

A Comparison of the calculated radial pressure distribution 
using the present integral method, with calculnleu results olr- 
tained by lioyd and It ice |3 1j and with ex}>erimeti[al results olv^ 
tained by Adams ami Jliee (J2), is given in Fig. 2 Tin- com- 
parison is typical of that obtained for all rombinaitous of p:i- 
rameicrs; specifically A’ he = 2.17117, /■'« = -0 . l.VM). and 1 0 = 
11 90S in Fig. 2. It is noted (hat the citlcnlaled results agree so 
well that they appear as a single result in the figure The differ- 
ence between the calculated and the experimental results is well 
within the margin of experimental error over most of the nulin-, 
agreement is not expected near r = I for reasons discussed n de- 
tail in refcrentX' (121- \ cloeiiy jirofile^s have not been measured 

exjieriment idly ; those calculated for another typical combimuioi 
of parameters, A'kf - o.O. f# = —0.00. ' c - 1-1, and using re- 
Stllis frtrm the jnesenl integral nictliod and the results of Boyd ami 
Iti«*e {3 1J, arc presented in Figs, it, 4 and V Tin- results of the 
two calculation methods agree so well that the scale of the figures 
allows no differentiation between them. 

The need for an accurate calculation method which can he 
executed extremely iHjridly using a digital eomptiler wils earlier 
made clear. The method herein presented satisfies the need 
Before the method was developed, conventional integral methods 
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In implementing the method, equation (10) is not used since 
satisfaction nf equation (Kt), required in the method, auto- 
matically causes satisfaction of equation (lit). In other words, 
equation ( 19) is redundant. (Il is noted, however, that satisfac- 
tion (It)) would not automat ieally cause satisfaction of equation 
(13).) 

In implementing the method, equations (Kt)-(IG) arc used, 
together with equations (20)-t23 ), wit lij determined by A' in the 
polymHphd representations. For .V = 4 ,j- 1 in equal inn (20) 
and j — 0, l in equation 121 ) should be used. For A’ = 0,j = 1, 
2. H in (20i and; = 0, !, 2, It in (21 t shintld l*e used. For ,V = 8, 
j = 1 , 2, 3, 4, A in (20) and j = 0.1, 2, 3, 4, A in (21 ) should he 
list'd. Those mmbinat ions, together with the boundary con- 
ditions, res ill l in the proper number of independent equations to 
enable solution f<n u l and h t . h is easy to establish the proper 
eomiiiiint inn* foe ,Y > 8, the case nf extension of the method In 
higher-ordered polynomial representations of the velocity profiles 
constitutes a main strength of the method, its eailier noted. 

Ap)>liea(ion of i he boundat v eotidiUons nt ; - 0 give-s l lie result 
Utn! o, = h, - u for all odd i. i his great ly simplihes the equations 



Fiy. 2 Comporiton ®f (alculolcd rttull* ond •xp*4-im*nto1 ratultt for 
pranura diitribution. for Nhk = 2.1737, Ut “ —0.1559, ond Vu = 
1.1908. Colcvlotad rtiulli from praianl and aorlior malhodi oro coirt- 
tidant. 
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Fie. 3 Caleutoled re* oil* for radial velocity component profile* at » elected 
rod << . far N yt ~ 5.0, U, - —0.05, and V(, -■ 1.1, Calculated retult* 

from preient and earlier method* are coincident 


ttf-rc IllVltnl ]jr;tll‘t) Of «*X!>lUnl IlllCUtul fnf'llidlt' Mjiplif lllltl- flit 
ihMT-tlitnitrtsiiJiifti. .tii>ii-i>iiiiii()nry-!ii\ rt flow. the- inuSupic-st n; > 
mfiJintl r if i’liilunc j ! ’ii pmVi-ti niu-t |<r.m>i-mg. The prnblcm 
w :*> |4MiEnt|H!t1PiJ f'‘> fililil-iu firm) ii 1 1 III lii! t (j-i 1 1 1 > the IliU ! U j tie >t : 1 ( > 
nict 1 1 • >t I w nii fourlh-nrdcr polvninuutU trorre^jinntliitc tn n simile 
~ r f ; f « : , rttsrtfl-- were very p<Kir IwcaiiM* (if itihl/iln y nf ihe fm.'tth- 
uniiT polviiiuiiinj* in represent the ihllerled u profiles. KxU-:i- 
-ir -.ri of t ho method Ju lift h-nrdci pnlvunmtals lt\u> strip-G pn~ 
d i. s cot! mi monliniile iw Tense in llto emnptit fttioiml time, with otd\ 
it moderate increa.-* in armraet . This wi* because it mm T 
.-rniilict radial step size wji> reqniied with fifth-order poi yrminif*!-. 
necessitating cnUntl Mufti as it much larger number of fadin' sii.- 
lions, hikI Imjchuso n mudi larger matrix Intd to lie inverted at 
pitch radial station. The cah iiluliuii peit:elt ie~ do not tipPut to 
nearly the same extent ft< .V is increased in the method descrihed 
in the present paper. Tims eon veil l ion a 1 integral methods re- 
sulted in prohibitive computittiomtl time while the method 
herein described resulted in very nominai eomputalioiml time. 


Conclusions 

An integral solution was developed fm thret'-dimeusioital 
familiar flow of an ttieonipressifife Newtonian fluid in nidiahb 
inward through-flow Ik- tween ])arallel enrol nt iug disks In Midi 
flow, t ho pressure gradient is not prescribed lint must be solved 
for simultaneously with the velocity field. Integral solutions for 
such flows are rare, and the method presented can probably be 
adapted to oilier three-dimension/d flows. Tlie met bod pre- 
sented is easily extended systemnt ienllv to bighei ordered 
polyimrnml represent iiiliofts of Ihe velocity componeuts. I'm 
this reason, the nmiritcy of the method eat; be easily detri- 



Fig 4 CoU u lottd retail* for longentio! velocity component profile* ol 
t elected rodii, for N;.. ! = 5.0, U u — — 0.05T ond Vt — t . T . Cokufafed 
remits from preterit and earlier method* ore coincided. 


mined by observing the r-.mvergenei- to tin asymptotic limit as ,Y 
is increased 

In tie prul dein to v.hii-ii lire nietSnul me applied, the inelhod 
i with A = Ki required tippioximately om-fiflieih of the rmn- 
pntiitioujd time that wit- required In tin «>•< urate finite-differem e 
procedure. Fot till' reason, ihe (’nmpiilhlioiinl melhml can he 
used to generate .data useful in considering ihe design of multiple- 
disk turbine-.. 'J'be method ran piobnbly aUn be adapted for 
compressible flow eiihuliii ion- nod fur problem* in bent transfer. 
1; is also adapt able for boundary-hivci flows Further detail- 
euneeruitig ihe method, with examples of u-r and displays of re- 
sult.-, lire contained is. a di-sei ' a! inn by Hnyitek [It'd 
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Flow Regime Definition for Flow Between 
Corotating Disks 

Experimental data ami result s are presented for the flow of an incompressible New- 
tonian fluid, with full admission, betuven closely spaced corotating disks, and for 
both radially inward and radially outward throughflows. The data consist of the 
measured radial pressure distribution together with flow visualization by means of 
injecled dye, oivr a very wide range of parameters descriptive of the flows. From the 
data, the combinations of the parameters corresponding with laminar and with tur- 
bulent flow are determined; (hat is, the data are sufficient to define the flow regimes. 
Furthermore, for laminar flow, both the pressure distribution data and the flow visual- 
ization data confirm the adequacy of ear/ter analytical results for use in the design 
of practical devices incorporaftnfl these flows, such as multiple disk pumps and turbines. 


.Nomenclature. 


A = distance between disks (ienglh) 

»i = coordinate normal to radial co- 
ordinate f 

A'r* = ftAVi* ** Reynolds number, di- 
mensionless 

pi = jh /pll*r»* = dimensionless static 
pressure difference 
between local point 
and reference point, 
f*. in rndinlly inward 
flow 

pi = pt/piPr, 7 ~ dimensionless static 
[Hes-uie difference 
between local point 
and rcfeience poiid. 
f, in radially out- 
ward flow 

7>i = static piessnrr t|ifTerenre. in 
radially inward flow (force.' 
(length) 1 ; 

p, = .static pressure diflerence. in 
radially outward flow (force. 
(length) 1 ) 


Q — volume flow rate ((length)*/ 
time) 

f * radial distance (length) 
f, = inner radius (length) 
f 0 = outer radium (length) 
r, = f/r 0 = dimensionlesis radial co- 
ordinate in radially in- 
ward flow 

r, = f ■■ r, = dimensionless rarliai co- 
ordinate in radially mil- 

f,', = Q 2jrr)Vill = d:mensi*uile.i- flow 
rate psrsrneter for 
radially outward 
tiuw 

(T - (/ '2irri 5 A(! = dimensionless flow 
rate parameter for 
radmliy inward flow 

F, = Vpihilr, - dimensionless Van- 
gen ti a! velocity com- 
ponent at inner ra- 
tlin* of rotor 


Ft = IVAQr, = dimensionless tangen- 
tial velocity eompo-. 
tifini at outer radius) 
of rotor 

V',, = tangential component of velocity; 

nt inner raditisof rotor (length/' 
(time)J 

F, - latigeniial cnmpnnenl of velocity. 

at oilier radius of rotor (length/ 
(time' i 

c = kinematic viscosity of fluid, 
((length d/time) 

fi = angitiar vriocily of disks (rad/ 
time) 

p - density of fluid (niiis.s/tlenglh) s > 

a = arcuii t (. ’*/ a ; - nozzle angle 
for radially 
inward flow 

fl = arctan (»/c! =- angle between 
t a n gent to 
streamline and 
normal to radial 
lino 


Introduction 

The laminar throughflow of an incompressible 
Newtonian fluid between closely spaced corotating disks has been 
considered analytically by numerous investigators. This problem 
is distinguished from other flows in the presence of rotating 
disks by a throughflow of fluid between the disks. The flow can 
be supplied at the outer periphery of the disks and with a tan- 
gential component of velocity; in this case, the flow and the pair 
of disks constitute an element of a practical device known as a 
multiple disk turbine and torque is produced on the disk pair by 
the flow. If, instead, the flow is supplied at an inner radius of the 
disks and progresses radially outward, torque being supplied 
to the fluid by the disks, then the flow and the pair of disks are 
an element of a multiple disk pump. 

A series of analytical contributions to understanding and 
describing laminar flows between corotating disks culminated 
in a computer-oriented analytical procedure by Boyack and Rice 
Hi, 1 that paper recites the history of the problem and cites 
other contributions. The method due to Boyack was further 
examined, improved, and documented with respect to accuracy 
by Crawford (2). The analysis produces the dimensionless 
velocity field and the radial dimensionless pressure distribution 
between the corotating disks, as a function of the dimensionless 
spatial location between the disks and of three dimensionless 
parameters (U», V*, A t r. in the case of radially inward flow or 
Ui, Vi, jVr. in the case of radially outward flow) and of the shape 
of the velocity distributions at the flow inlet to the disks; all of 
these quantities are defined in the Nomenclature section. Early 
in the analytical history of such flows, the existence of an en- 
trance region followed by an asymptotic region was recognized; 
the flow in the entrance region depends on alt three parameters 
and on the inlet velocity distribution shape, while the flow in 
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tUe asymptotic region depends only on U » and A’r, or Ut and 
i \ (depending or. the radial direction of the flow). 

The essential correctness and nccuracy of the analytical model 
and of the computational procedures employed by Boyack and 
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Fly. 1 Schematic dl*gr»m of o*p«rlmont»l anombly in 
radially outward flow configuration 



Fig. Z Schematic diagram of fluid flow circuit for 
radially outward flow configuration 


Kite [1] were verified by experimental work by Adams and 
Nice [3], Excellent agreement between calculated and experi- 
mental radial pressure distributions was shown for radially in- 
ward how over a range of flow parameters in which apparently 
only laminar flow as encountered. The experimental data and 
results given later in tills paper were obtained with an improved 
version of the experimental apparatus originally constructed by 
Adams, modifications allowed a much wider range of flow pa- 
rameters aucli that both laminar and turbulent flow occurred. 
Furthermore, means of dye injection was added Lo the experi- 
mental apparatus, and both radially inward and outward flows 
were investigated 

An improved version of the computer program made by 
Boynck was used by Crawford and Hire [4] to acquire computed 
results for the construction of performance maps for use in t lie 
design of nail Li] ile disk pumps. It was shown that such pumps 
have interesting characteristics and ran have excellent perform- 
ance. Lawn and Rice (o) Used the same computer program to 
prepare extensive performance maps for multiple disk turbines. 
Some similar design information has also appeared due to in- 
dependent work by Byal’yi (Cj The calculated performance 
data in these references (4, 5, 6) enable the rational design of 
multiple disk lurbomnehincry, provided thnt the flow between 
the disks is laminar; the analytical results on which the design 
information is based assume laminar flow. 

The results presented herein define the occurrence of laminar 
and of turbulent flow and constitute the remaining needed in- 
formation for utilization of the design information discussed 



in the foregoing paragraphs. In addition, the flow visualization 
data enable additional substantiation of the earlier results by 
Adams and Rice |3j of the adequacy of the flow model and of the 
calculation procedures used by Boyack and Rice (Ij when the 
flow is laminar. 

No basic analysis has yet appeared for turbulent flow between 
corotating disks, or for either flow regime when the fluid is com- 
pressible. A wholly empirical turbulent flow model and computed 
results have been presented by Ncndl [7J. Research results by 
Bakke |8] using a hot wire anemometer in a radially outward 
flow of air between large, rapidly rotating, widely spaced, co- 
rotating disks are of much interest in understanding the flow 
phenomena when the flow is turbulent. All flows encountered 
by Bakke were turbulent according to bis deduction from the 
measurement of the relative turbulent intensity at various 
radial stations. Thus he did not deduce a criterion for the oc- 
currence of laminar flow; furthermore, only radially outward 
flow was considered (flow with adverse pressure gradient). 


Design of Experiment and Apparatus 

The experimental apparatus designed and originally used by 
Adams and Rice (3) was modified and used in the investigations 
reported herein. An elaborate and reliable analysis of sources of, 
experimental error and uncertainty was made by Adams. This 
was further used by the present investigators to estimate un-T 
certainty in experimental values of A r R„ Up, F*, And ;; 

The apparatus due to Adams a.s modified for use by the present 
investigators, was constructed using precision machining tech- 
niques, massive structural pails, and accurate bearing align- 
nnuiia and clearances. It consists basically of a pair of extremely 
rt . i disks with excellent dimensional tolerances with respeet to 
j> ,->s and sinoul I mess in-ranged to corotate on a shaft while 
p riied with fluid flow between the disks (Fig. 1). quantitative 
(it • stils are given in references [3, 11, 12). Large bearings were 
ill i ! ■ / ed producing rotation in which the disks were parallel mid 
concentric as confirmed by direct measurement. The disks were 
nominally 1C. 000 in. O.D., 2.1)00 in. I D., and spaced O.OliU in 
apart The lower disk was coated with white epoxy before 
machining; this formed an excellent background against which 
to observe injected dye in the space between the disks. The upj»er 
disk was made of '/, in. thick transparent Lexnn polycarbonate 
plastic backed by a massive steel spider. The upper disk was 
pi vided with static pressure taps of the size and design used by 
Annins. Ten dye injection stations, providing the possibility of 
injecting dye in both the entrance and the asymptotic flow 
regions, were also provided, consisting of through-holes into which 
removable brass “dummy” plugs were fitted. In order to inject 
dye at a chosen radial station, one of the “dummy” plugs was 
replaced with a plug equipped with a dye injection tube made of 
0.012 in 0.15., 0.000 in. I D. hypodermic tubing; the injection 
tube entered the space between disks normal to the disks and 




Compaction of calculated and maaturad dlmanslonles * pras- 
“ue distribution for flow typically callad laminar; (low radially out- 
ward with N Kc «5.07, If, -1.24, V, — 1.00 

then was bent at a right angle. The dye leaving the tubing w as 
thus injected in the direction of fluid moving along the midplanc 
streamline between the two disks. Each plug supporting a dye 
injection tube could be rotated to cause the tube direction to 
coincide with the local streamline direction. Each transpart ut 
window of the upper disk, between arms of the supporting spider, 
was equipped witli an accurately scribed grid for dimensional 
reference when observing dye traces. Injection of dye was ac- 
complished when desired by triggering the motor drive of a 
hypodermic pump mounted on the rotating disk assembly. 

Experiments with radially inward flow were first carried out; 
for these, flow was supplied by a nozzle ring which received the 
flow from a plenum chamber ami directed the flow through 30 
discrete nozzles at a fixed email angle between the flow and a 
tangent to the disk circumference. The flow exhausted from the 
disks at an inner radius through a hollow bearing shaft, into an 
exhaust plenum which was maintained full of fluid. 

Small clearances were provided between the rotating disk as- 
sembly and the housing; carbon seals effectively prevented leak- 
age between the stationary housing and the rotating assembly. 
The choice of rotor dimensions, fluid properties and angular 
velocity was made to minimize experimental uncertainty over 
the parameter ranges of interest; consequently, the experimental 
fluid used was a water-ethylene glycol mixture having the de- 
sired value of v in any given experiment; v was varied in the 
totality of experimental cases lo allow determination of the ef- 
fect of viscosity on the occurrence of transition from laminar to 
turbulent flow. This fluid also has a reasonably small coefficient 
or viscosity change with temperature which is desirable to 
minimize errors due to viscosity change with the small tempera- 
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Fig. 6 Comparison of calculated and maasurod local straamllna 
stop* for flow typically callad laminar; flow radially outward with 
Nr, -4.99, U, -Mi, K, - 1.00 
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Fig. 7 Comparison of calculated and measured dimensionless pres- 
sure distribution for (low typlcelly called turbulent; flow radially 
Inward with Nr, —5.41, U,- -0.153, V,-l.(2 



Fig. I Comparison ol calculated and measured dimensionless pres- 
sure distribution for (low typically called laminar; flow radially in- 
ward with N R ,-6.J 4, U,- -0.056, y,-D.70T 

ture rise through the flow caused by viscous dissipation. An 
uncertainty analysis also resulted in the choice of an electronic 
turbine-meter for measurement of the volume flow rate and an 
electronic means of measuring the angular velocity. 

Experiments with radially outward flow were also carried out; 
for these, the nozzle ring was removed and other minor modifica- 
tions were made to allow the fluid to enter at the inner radius of 
the rotor and exhaust into a plenum at the outfei* periphery. In 
either flow direction, the torque exerted by the flow on the disks 
was small compared with the torque due to seals, bearings, etc. 
Consequently, the disk assembly was rotated at any desired 
speed by a variable-speed gearmotor, indicated in Fig 1. 

Immediately before operation to obtain data, the density and 
viscosity of the water-ethylene glycol mixture were measured. 
Density was determined by use of a hydrometer; viscosity was 
determined using a Ubbelohde viscosimeter in a constant tem- 
perature bath. The dye used for flow visualization was adjusted 
for neutral buoyancy in the primary fluid mixture. 

The system for pressure measurement described in detail by 
Adams and Rice [3| was also used in the present investigation. 
The overall pressure measurement system, consisting of pres- 
sure taps, remote tap selector, unbonded strain gage type pressure 
transducer, FM telemetry system, and stationary recorder was 
calibrated immediately before each collection of data All data 
reduction was conducted by digital computer using programs 
written for that specific purpose. 

A storage reservoir, a centrifugal pump and appropriate 
valves were provided to circulate and control the fluid at de- 
sired rates. Fig. 2 presents a schematic diagram of the fluid flow 
loop and certain instrumentation elements for the radial outflow 
experimental configuration. 

Procedures 

In each experimental case investigated, pressure distribution 
data were recorded and photographs were made of filaments of 
injected dye. The analytical solution for laminar flow was 
determined for each case, corresponding with nominal intended 
values of Reynolds number, flow rate parameter, and the di- 
mensionless tangential velocity. The analytical solution yielded 
the calculated dimensionless static pressure and local slope of a 
streamline as functions of dimensionless radial location between 
1 he disks. 
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Fig. 9 Comparison of calculated ant) measured local streamline 
slope for flow typically called laminar; How radially inward with 
N ht =4.27, U,.- - 0.059, V',-€.4i 


For ui*e* in which the How wus lumimir (fi* (led need from the 
charnc tori* tic* of the dye filmnetits, iu> discussed later homo), 
tin injected dye fliumenU were streamlines tt> the midplmu. of 
the flow. Photograph* of the streamlines were medmnieully 
mcaMimi to gain the spatial coordinates of point* on the si ream-- 
litie* These coordinates were then entered into a digital com-, 
poter program whieh calculated the lota! slope of the stitainline 
Using a variety of elementary methods of calculation (f ir com- 
parison} This procedure allowed comparison of the calculated 
with the experimentally obtained local slope of streamlines in 
the laminar flow regime. 

Visual inspection of photographs of the dvc filament* obtained 
fui each experimental case investigated was used to deduce the. 
How regime for each case, i.e., whether the How was nominally 
hum n nr or nominally turbulent. To assist in such interpretation; 
a special apparatus was built and the experiments of Osborne 
Reynolds were repeated locally, using the techniques to be late, 
used in rotating dish flow investigation. The behavior of the 
dye wa* noted in relation to the classically accepted How regime* 
on iirrinp in the experiment. Following this experience, it was 
noted fas expected) that similar dye behavior was observed in 
Various different llow cases in the rotating disk flow*. Fig 3 
present* a typical photograph for which the How was called 
laminar ; from such pliotogrnplis, the local slope of the streamline 
was also determined, as earlier discussed. Fig. 4 presents a 
typical photograph for which the flow was called turbulent; no. 
streamline is evident since the dye disperses very rapidiy down* 
stream from the injection point. Direct observation during the 
experiments, using a strobe light, indicated that the dye dis- 
persed randomly with time in eddying swirls and showed all of- 
the accepted visual charnel eristics of turbulent flow. 

It wsi- further observed that systematic variation of any pa- 
rameter which differed greatly for laminar and for turbulent 
flow, (such a* U for fixed v, or v fur fixed ill produced a mixed 
t!,,w condition for a range of vaiues of the parameter between 
the extremes In this mixed How, or transition region, the flow 
appealed iammar and intermittent !v turbulent, randomly with 
tune 'Fliis i eg uni is delineated in results presented later herein. 

lii the legion uf laminar flow, excellent agree men l between 
imalvdcal results and experimental results was expected, fol- 
lowing the enmlu-ioris r.f Adams and Rice |3j Throughnut the 
region called laminar w'-oiding to flow visualization result*, 
extremely good agieemcnt wn* obtained with regard to both 
local pressure gradient and local slope of a streamline Figs. 5 
and (i present such cornpnn-niis for a typically laminar How case, 
for raduiiiy outward How with F, = Id). For reasons exhaust ive- 
lv di-vu**ed it; references 1 1 , 2, 3J, Cornpai isUJft of results should 
only be made in the radml region referred to a* asymptotic flow 
(away from the flow entrance;. The flow in the entrance region 

depends to a great extent upon the entrance veiontv di>;ri!m- 
tion- which were not precisely known in the experiment- How- 
ever, aiiaiylicu: re*. ills cab minted for the entiamc (■•u.diiion.- 
! bought to i>e present experimentally showed g ■ a! agreement 
• ) « l j expci inu'iilal result- over nm-t uf the ciitrau'e region a- 
\\ a- the a.-y Miptoi i, region, a- shown by I ig ■> am; Fig V 
.,i!ai agiectm-m between the analysis and cxp'-imeM. wen 
• mined through* m t the parameter region cubed pummu. im 

In t)>e mixed flow. <n transition regms, llie n-.-ui 1 .- of tin- lammat 
tp.w niialv.-is departed systematically from the exneinnrnlui re- 
sult*. with legal 1 1 to both local pies.-me gmdienl and l<>c«i -tn-am- 
Ime slope. They were distinctly ditleivni in the tiow rt-tmm called 
turbulent. Fig. 7 shows typical result *. fur Hid j ally mwai-.i lb»w. 
n . the turbulent How region Similar result* wen- do. un. ruled 
f.,i radially outward flow and con esponded wi'h t }>(• tiow,- in 
i , i c h flow visualization indicated the flow to be tu: ic.tier.: 

Results 

The ex teli ei it agreement between experimental result.- ami 
jrudvlieal result* u-ing the methods and computer program of 
reference |2] were earlier pointed up in Fig*. f> and l>, for radially 
outward (low when the flow is laminar. Fig- S ami 9 show i lit* 
simiiai agreement tliat was oiitained foi radially inward flow 
when the How is laminar. The data displayed it. t hoc figures 
arc typical of a large number of combinations of l he- fiow parum- 
, ■■■r* for which the flow was laminar and indicate agreement of 
ii the radial prcssuic gradient and the local streamline *iopc 
fimction- of tiie radial coordinate The agreement reinforces 
tr.e eo nc! us ion* of Adams mid liicc \'M concerning validity of lire 
referenced analyses and points up the confidence with which the 
design information of Craw ford and liicc |4 j and Fawn and liicc 
mnv be used to predict the pcrfonnancc of muitipie di-k 
turbomachuies using laminar flow. 

A summary of the results delineating the regime* of flow for 
radially outward flows with F, = l.U is shown in Fig. ID. I he 
p.irameler range over which the flow is laminar i* extensive and 
c iu-jes the .Via. C, combinations of most interest a.- indicated 
references j4, (ij; pumps to be operated with Inch ethciency 


i u.-c siniiii vahiC- iif gencrijily below the threshold of mixed 
i : : aiisil ion ! flow, ami V, values of npprfrxmtntely unit;. 

A summary of the re.-ult* delineating the icgune- of flow for 
indinih inward flows is shown in 1'ig. 11: in tin- cn-> 1 lie nozzle 
angle o is also a pnnimeter, w here « - aicUu: ( ( ’, F*.-, but l In- 
dependence of Iransition on a i- *o very weak that it i- meaning- 
i<< aci-ount for it syslemM n nib Instead, the data of Fig. II 
should be uscu foi all jiuzzie nr (git- occurring in piiirtite i«p- 
p i ixiimucly b < o < la) deg a* a cuiisccvaiive procedure. The 



Fig. 10 Exparimantal data and the flow rejimn 
delineated, for radially outward fiow 


the pre-ent paper; Unkke found only turbulent fiow in his experi- 
ments and the dut a of F,e 10 are consistent will, that finding 

Kteilh fit); reported i einmmanzntm:. in radially outward 
flow* between stationary disks; Bnkke [8] produced data to 
qualify Kreith’s observation* coneerniiig turbuienFto-Iaminar 
transition in flows belwecr. stationary disks However, these 
investigators did imi establish transition criteria or the presence 
or a list* i id* of relam i nun run mi; for flows between eorotatmg disk* 
Addiiimml experimental work is needed regarding these questions 
for rotating flows. 

Extensive further details and documentation of the exprri- 



Fig. 11 Exparimantal data and tha llow ragimai 
dalmaatad, for radially Inward flow 


parameter range over winch the flow is laminar is extensive al*o 
for radially inward flow and include* the .Yji., l\ a Combina- 
tions of in,,-’ micro*; a* indicated in reference Joj, turbine- for 
high cil'i! ici 1 1 > will i.*t small values of f* genemlly below the 
l hre-l m ’I d oi mixed ! transit iuii .) flow. However, multiple di.-k 
turbine- for *ome applicat inns may infringe on the transition 
flow rime’ fir some olT-dc.stgii-])oirit ojwratiou nnle*s care i* 
taken u, tin- design choice* to minimize l' a as An, is increased 
Fun hen. luie, certan. application* may emphasize minimization 
of size ami weight rather than elliciency; the data sliowi. in Fig. 

] I then become cnieia) a- guidance for- design choice*, to a-*ure 
liimii.ii! iluw npeiulifih of tin- turbine. 

In the procedure.- used to determine the results in Figs 10 
and 1 i, tlic mdt vidua- value.- of Q, H, and v were widely varied in 
obtaining the parameter com binat ions Only f,, f t , and h rt- 
tnauied coustatn. Tliis is suliicient to establish correlation of 
transition between disks having the physicu! geometry described. 

Closure 

Wlnie the empirical data presented herein is adequAlc for de- 
sign guidance fur multiple disk turbomncliincry, it is not satisfy- 
ing or definitive in a Im-o way regarding the occurrence of the 
flow regimes. Some cfTorl ha* already been made to predict the 
stability of flow* between coroluling disks | l Ji; further analyses, 
together with basic experimentation, ure needed to improve 
understanding of the w ide variety of phenomena occurring in the 
general flow situation In radially inward flow, the turbulent 
flow i**umg ftoin the turbine nozzles is stabilized because of the 
favorable pressure gradient and becomes laminar in the rotor 
hioii after entrance, if the A'iu, F : « combination is in the laminar 
jiuw zone indicated in Fig. 11. At smaller values of r however, 
the flow lend* to become, turbulent again since the local Reynolds 
number of the flow increases a* the local velocity increase* For 
radially outward flow, with a A'n,, U> combination in the laminar 
flow zone indicated in F'ig. 10, flow supplied at the entrance is 
stabilized in the rotor soon after the entrance and tends to be- 
come more stable a* the How progresses to larger values of r, 
The data due to Bnkke. HSj. fur radially outward flows correspond 
generally wuh .Yu,. > UK) and F, > in the Nomenclature of 


men Is and conclusion* summarized herein are given m a disserta- 
tion by Pater jil' and a thesis by Crow (her |12' 
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Dimensional Quantities 
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Introduction 

The conception of multiple-disk lurbom&chinery is credited 
to N. Tesla early in this century [1-3] 1 , and the devices were 
widely discussed in the sernitechnica! press of that lime |4-7). 
Subsequently, such lurbomachinerv received scant attention 
for many years but the list of references included in this paper 
indicates the extent of a revival of interest. A number of ex- 
5 >erimenUd and analytical feasibility studies have been reported 
for (he turbine configuration of multiple-disk tu risen achinery 
1 8- 1’>). The papers reporting on these studies make the operating 
principle clear and indicate that laminar flow of fluid in the 
rotor, rather than turbulent flow, is of the most practical in- 
terest. 

A recent sequence of analytical contributions has made pos- 
sible calculation of the performance of multiple-disk turbines, 
according to an idealized model, provided that the fluid is 
Newtonian and incompressible and that the flow is laminar. The 
essential part of the flow in a multiple-disk turbine is that 
between a pair of corotating disks; the turbine consists of a 
number of such flows in parallel, together with fluid supply 
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Fig. 1 Constant offlclsncy llnss on /Vhf, U, coordinates for iq-l.l, 
r, -0,3 and parabolic Inlat velocity distributions 


A numerical (finite-difference) scheme for calculating tin* en- 
trance flow between enrol n ting disks, for radially outward flow 
corresponding with a mullipie-di.sk pump was presented by 
Breiter and IVtltlfintiscu |1B{. A similar method of calculation 
was applied for radially inward flow, corresponding with the 
multiple-disk turbine, by Bnyti mid Rice [19j; the fluid was con- 
sidered admitted uniformly around the outer periphery of the 
disks through nozzles providing tangential, radial, and axial 
components of velocity. In ill)), the disk-to-disk spatial distribu- 
tions of the velocity components at the outer radius f, (provided 
by t lie nozzles to the rotor) nre considered arbitrary but specified, 
and iliesc are additional parameters for the specification of a 
cose of /low in the entrance region between the disks. 

Furthermore, [19] introduces a simplification in the parnm- 
elcrization ; with the general shape of the disk-to-disk velocity' 
component profiles specified (uniform, parabolic, etc.), then the 
three parameters A’uf., and F. are sufficient to characterize 
a case of entrance region flow. Here Fo is the overage value of 
the dimensionless tangential component of the velocity of the 
flow supplied by the nozzles to the rotor, corresponding with the 
“flnid-to-blade velocity ralio” of conventional turbine practice. 
The calculation procedure detailed in [191 also is applicable for 
the asymptotic flow region and overcomes the limitation in ac- 
curacy in the earlier methods of calculating that region. The 
disadvantage of the method is the excessively lengthy computa- 
tion time required by digital computer. 
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Fit z Cenrtint dimension)*** total prosturo liaai on Nre, Ut co- 
ordinate* for Vi-1.1, r i —0.3 and parabolic Inlet dlslributi on* 
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Fig. 3 Constant d (mansion lass torqua linos on Nre, U, coordinates 
for kt-2.1, r, -0.3 and parabolic Inlat ealoclty distributions 


The adequacy of the calculation model and of the numerical 
computations was confirmed experimentally by Adame aod Rict 

tm 

boy ack and Rice [21 \ developed an integral method for th* 
flow model need by previous investigators and a computer pro- 
gram which executes extremely rapidly. The method yields 
results essentially identical with those of the lengthy computa- 
tions of references [18, I9| anti therefore also confirmed experi- 
mentally in reference [20]. Use of this computer program enableu 
calculation of the very large number of flow cases necessary U, 
obtain the design data presented herein. Crawford [22] improved 
the ability of the method of linynck and Rice to handle uniform, 

inlet profiles, exhaustively examined the correctness of results 
in the entrance region, and also further decreased the execution 
time required for digital compulation by improved programming. 


Mode! of Turbine for Calculations 

The mathematical model and calculation procedure for the 
fl< w between a pair of corotaling disks is that used by Boynck 
s 1 Rice |2JJ discussed above. The multiple-disk turbine con- 
61 s of many such corotating disks arranged on a common abaft 
with the flow passages in parallel. The choice of the number of 
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Fig. 4 Psrformancs data for V, - 0.». , , . 0.3 and parabolic Inlat veloc- 
ity distributions 
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Fig. 5 Ptr(«rmlne« data for Vi-1.0, (, -0.1 and parabolic Inlat veloc- 
ity distributions 



Fig. t Parformanca data for Vt —1.2. n -0.4 and parabolic inis t vsfoe- 
ity distributions 


disks is determined by individual design requirements; the de- 
sign information presented herein is based on the flow between 
a single pair of corotating disks. The flow is considered to be a 
laminar flow of an incompressible Newtonian fluid. The calcula- 
tions provide realistically for the thermodynamically irreversible 
flow effects in the space between the disks. The pressure change 
in the flow between the disks, p r , is composed of that due to 
r8'ii ally-incurred area change (with consequent velocity change) 
» :1 that due to irreversible (viscous) effects. 

The dimensionless parameters A're, U, and V, (or the flow 
between a pair of corotating disks carry over to become also the 
independent parameters for the turbine model. The turbine is 
assumed provided with nozzles around the entire periphery of the 
rotor (full admission). The nozzles provide the specified value.* 
of U» and V , to the apace between a pair of disks from a plenum 
chamber having the dimensionless stagnation pressure p ( . The 
stagnation pressure is assumed conserved in the flov. in the noz- 
zles in the turbine model, that is, the How in the nozzles is eon- 
pi lered to be thermodynamically reversible. Part of p, is the 
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oensKniii-ss pressure* drop in the reversible 


P- (riven 


i n 

lu.Vi) + < 1 ) 

where the contribution due to «„(2) is considered to be negligibly 
small It is seen that //„ depends on the disk-to-disk disl rilmtion 
of the velocity components. 

The fluid can l>e supplied to the rotor of a multiple-disk turbine 




Fig. 7 Parformanc* data (or r; -0.4 and parabolic Inlot voloc- 

Ity distributions 



Flp. I Parformanc* data tor r, -0.1 and uniform Inlot valoclty 

proflloi 



Flf. » Porformanca data » or W-IJ, r,-0.4 and uniform Inlot valoclty 
proflloi 


sionless torque 7\ (for one Bpace between b single pair of disks) 
is also the dimensionless work delivered to the rotor by the fluid 
and is given by 


r, - At " fr *> *Mr„ *)di - Ui{t)vi(t)dz j. 

Hence the turbine efficiency is given by 
Ti 

V 2* L'.p, 


(3) 


The computer program used to implement the analysis of 
Boyack and Rice (21j was arranged to accept jVrb, U, and V. 
as input parameters with the shape of 12.(2) and p „( j ) specified, 
and to calculate p,, T\ and y as output results for selected di- 
mensionless exit radii r, such that 1 > r, > 0.05 with Ar, *» 0.05 
Thus each combination of input parameters corresponds with 
an infinity of dimensionless turbines having different exit radii; 
furthermore, each combination of jVrb, U„ V, and r, correspond 
with an infinity of dimensional (actual) turbines 

The turbine model does not allow for resisting torques acting 
on the turbine rotor due to rotor- to- housing "disk friction/’ 
bearings, seals, etc. Furthermore, the model ignores pressure 
losses that will occur in an actual turbine due to interference of 
the disk edges with the nozzle exit flow and due to irreversibility 
in the nozzle flow, and due to exit passage area changes and 
frictional losses. (The latter "loss" may actually be a “gain" if 
the exit passage can be designed to produce n pressure recovery 
from the kinetic energy exhausting from (he rotor, since the 
turbine model assumes no such pressure recovery.) 

The design information presented thus far, therefore, accounts 
for Insses only in the flow between the disks and leaves to the 
designer the taks of accounting for the loss of torque and ef- 
ficiency due to nozzle efficiency, nozzle-rotor interference, rotor- 
Lo-housing "disk friction," bearings, and exhaust passage pres- 
sure change. The pressure, efficiency, and torque values given 
herein are therefore upper limits of the performance of actual 
multiple-disk turbines and mu*t he used with conventional loss 
information for ihc turbine parts external to the rotor to calculate 


through nozzles arranged in various ways. On the one hand, a 
separate nozzle ring may be provided for each disk space; in 
this case the disk-to-disk distribution of the velocity components 
u.(z) and 0,(2) will be approximately parabolic. On the other 
hand, the nozzle ring may consist of slots extending across the 
rotor or at least across several disk spaces; in this case, disk-to- 
disk distribution of the velocity components «*(*) and c.(z) will 
be approximately uniform. 

As an idealization considered of interest in practice, the dis- 
tribution of u.U) and r.(z) assumed herein is parabolic generally ; 
only where specifically noted later, the distribution is assumed 
uniform in order to demonstrate the effect of the distribution 
on the performance of a multiple-disk turbine. However, in a}>- 
plieatioiis the disk spacing frequently is so small that separate 
nozzles arc impractical and a single admission slot must be used. 
Tlic uniform distribution is then a better idealization of the 
supply flow. 

In the turbine model, the fluid is considered to exhaust from 
the rotor into a stagnant exit plenum chamber, without the 
benefit of an exahust diffuser. Thus, w'ilh the nozzles considered 
to be supplied will) fluid from a stagnant condition, 

p, - p. + p- (2) 

and p , is tbe dimensionless stagnation pressure difference re- 
quired across the turbine. The dimensional quantity p t /p is, 
them the available energy of the fluid per unit mass and is the 
proper denominator for the expression of turbine efficiency, y. 

The torque delivered to the rotor bv the fluid car, be calculated 
by 1 wo fundamentally different means; both involve use of the 
(-(drnlnied velocity held between the disks. As one possibility, 
the local shear stress over the surface of the disks can be derived 
from the velocity fluid and fluid properties and hence the local 
torque <lue to the shear force can be integrated over the surface 
of the disks to obtain the rotor torque for the flow between a 
pair of disks. As an nlternaiive. a finite control volume can be 
lists) between the entrance and exit radii and the torque can be 
calculated from the change of the moment of momentum of the 
fluid bet ween those radial stations. The latter procedure is 
used here since it is more direct ami accurate mainly because it 
avoids differentiation of ihe fluid velocity profiles. The dimen- 



Flg. 10 Turbin* afffclancy ■« • function of n with /Vrb a paramata., 
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the performance of actual turbines. A design example given later 
herein includes references for such loss information. 

Results— Design Information Summary 

The computer program was executed for a very large numbei 
of combinations of Are, U, and V„ each yielding values of 
p,, Ti and 17 for values of r, such that 1 > r, > 0.05. The results 
were cross-plotted by hand in order to produce data for plotting 
lines of constant p t , 7\ and y for a fixed value of r,- and of one 


input parameter, and using the remaining two input parameters 
as coordinates. A large amount of judgment w&s exercised in 
making additional computer program executions to "fill in” 



Fig. 11 Turbine afficlancy eta function of r,- with N he at a paramataq 
for V. -1.1, U, --0.Q2 and parabolic inlot velocity distributions 



the crosaplots with defioite additional data points wherever 
rates of change were found to be large during the crossplotting 
process. 

Typical results are shown m Figs. 1, 2 and 3 which give lines 
of constant p h T t and tj using £/„ Am coordinates and for 
\\ - 1.1 aud ri ■* 0.3 and for parabolic velocity profiles at the 
rotor entrance (nozzle exit). From a very large number of 
niots such as those of Figs. 1, 2 and 3, dimensionless performance 
naps were produced. 

The dimensionless performance maps are voluminous beyond 
1 lie possibility of journal publication. They are available in the 
form of a University Report [23]. The results given therein arc 
in four groups, arranged according to four values of the param- 
eter V, ; 0.8, 1.0, 1.1 and 1.3. This is thought to be Lhe useful 
and interesting range for V 4 with the values of most interest 
being near and just exceeding unity. The data for each value of 
1’. have Ti as a parameter and are presented in the form of sets 
of lines for constant p,, 7’i and y on U„ Nh z coordinates. 

Figs. 4-7 present typical samples of the results referenced 
ibove, for the case in which the turbines have parabolical!) - 
shaped disk-to-disk velocity components at the rotor entrance 
■ nozzle exit). The Report [23] also gives voluminous results in 
the same form for turbines having uniform disk-to-disk velocity 
components at the rotor entrance. Typical samples of these re- 
sults are presented in Figs. 8 and 9. Comparison of the various 
results yields information concerning the effect of the shape of the 
entrance profiles on turbine performance. The obtaining of 
the results in the Report [23) and of similar results for other 
parameter values is expensive in terms of digital computer usage 
hut once done, eliminates the need for further analysis of the 
low within the rotor of a multiple-disk turbine; only very 
nodest algebraic calculations arc needed to apply the results 
to the design of multiple-disk turbines. 

Discussion 

Some insights into multiple-disk turbine design characteristics 
are afforded through crossplotting of the performance results. 
Fig. 10 presents the dependency of turbine efficiency on the di- 
mensionless inner (exhaust) radius r,, with Are as a parameter, 
for 1'. ~ 1.1 and U, <■= — 0.02. (These are reasonable aod in- 
teresting values for these parameters.) The optimum inner 
radius is approximately 0.3 for 3 < N re and is approximately 
0.4 for Are *= 1 ; the figures also shows that the greatest ef; 
ficiency occurs for A’re = 4 for this parameter combination. An 





increased value of the volume flow rate parameter reduces the 
efficiency at all values of .Yre and increases the value of r, for 
maximum efficiency. 

The effect on efficiency of an increased value of V, is detailed 
in Fig. 13, for U . — — 0.02. The maximum efficiency is some- 
what decreased by the higher value of V, but the turbine charac- 
teristics are generally unchanged. 

Further details concerning these matters are contained in the 
Report (23]. For U, = — 0.02 and .Vrb - 4, maximum ef- 
ficiency occurs near V, - 1,0 and the effect of increasing n 
above 0.3 is to reduce efficiency and to cause the local maximum 
efficiency to occur at higher values of W Furthermore, both 7\ 
and p, are almost-linear functions of V„ increasing as r< is de- 
creased. Throughout the parameter range, changing the Yrk 
values changes the turbine performance quantitatively but all 
trends remain similar to those for N rk - 4. 

It is necessary to realize that the results pertain to the flow 
between a single pair of disks; for a turbine with N spaces be- 
tween disks, ((N + 1) disks), the total flow rate, Q, will be 

Q _ NQi - NU. (6) 

and the power delivered to the rotor by the fluid will be 

P - NTipf.'hft (6) 

which can be found alternatively from the equation 

P - vQPt (7) 

Both equations (6) and (7) refer to the power delivered to the 

rotor by the fluid; the shaft power will be less because of rotor- 
to-housing "disk friction," bearing losses, seal losses, etc. Also, 
for an nctual turbine, the stagnation pressure required will be 
more than p, bec&sue of irreversible pressure changes in the fluid 
supply nozzles and between the nozzles and the spaces between 
the disks. Consequently, the actual turbine efficiency will be 
somewhat less than that indicated in the figures. The designer 
will allow for these facts in the use of the desigD data to predict 
turbine performance. 

There are numerous sources of information of value in estimat- 
ing the various losses. General design features and the per- 
formance of hearings, seals, and nozzles are reviewed in references 
(24, 25j. Daly and Nece |2G1 give sufficient detail concerning 
the rotor-to-housing "disk friction” to allow optimization of the 
clearance and estimation of the power loss from that source 

An Example of Turbine Design and Performance 

Using the reference material earlier cited and the data in th e 
figures, a very simple digital computer program can be used to 
determine the physical dimensions of turbines and the perform- 
ance characteristics. As an example, it is assumed that a water 
turbine is desired which will produce 12 shaft horsepower when 
operated at 1000 rpm with a total head of 130 ft of water A 
suitable design point is chosen as a compromise between ef- 
ficiency, physical size, and ease of executing design details, the 
design point is somewhat arbitrary and several should be in- 
vestigated by the designer. In this case, the point chosen is 
l . = — 0.02, A’re =* 4 and n - 0.30. It is further assumed 
that the turbine will use well-designed nozzles to supply fluid 
to the rot-or with an approximately parabolic disk-to-disk dis- 
tribution of velocity, carbon ring seals, and conventional bear- 
ings, and will have the optimum casing-to-rotor clearance for 
least "disk friction." 

The foregoing assumptions and choices result in a turbine 
having a rotor dia of 12.0 in., a rotor exhaust dia of 3.6 in., and 


470 disks spaced 0.0083 in. apart If a disk thickness of 0.004 
in is arbiirnril) chosen, this results m a rotor with an axial 
length of 5.89 in. ; the total volume of the turbine is approximately 
1200 cu in. including the turbine casing and ot her structure. 

The performance elm nu t emtio are shown in big. 12. 

The very smalt di-k thickness used in this design example is 
realistic; each disk carries very small torsional and radial load- 
ing and no axial loading The disks can be spaced correctly and 
l lie rotor made more rigid by dimpling the disks to achieve the 
required average disk spacing. 

In this example, the maximum turbine efficiency is approxi- 
mately M percent and occurs at lowest flow rate and highest 
speed This value of efficiency is by no means the maximum 
achievable in multiple-disk turbines. A different choice of the 
design point or of speed, power or head at the design point, wilt 
result in a different set of performance curves and characteristics. 

As an extension of the foregoing example it is considered that 
the turbine is to be designed to use a light oil (p ■* 54 lb„. /f l*, 
v - 0.0001 ftVsee) rather than water (p ** 62.3 lb m /fl*, v = 
0.0000106 ftV*ec)- All other specifications being the same, the 
oil turbine requires 107 disks and has a spacing between the 
disks of 0.02345 in. which results in a rotor length of 5.41 in., 
and an efficiency of 0.70 and volume flow rate of 75 cfm at 3000 
rpm and 130 ft bead. The computerized evaluation program 
would easily generate l he off-design point characteristics of 
th is turbine also. 

In contrast with conventional turbines, the performance of 
the rotor and hence good estimates of the turbine characteristics 
C4U! be realistically calculated for multiple-disk turbines for both 
design point and off-design point operation, with ease using only 
algebraic calculations. 

Conclusion 

While the design data presented herein are sufficient to allow 
calculation of the performance of multiple-disk turbines and com- 
parison with conventional turbines, the designer will finally 
want more detail of the flow field between the disks. At such 
point of interest, the designer should use references (21, 22] to 
obtain a computer-oriented analysis which easily and economical- 
ly yields the desired detailed flow information. 

Further details concerning the generation of the cross-plots 
and of design procedures are given in a thesis by Lawn (27] as 
well as the Report (23], 

The multiple-disk turbine can be designed with high efficiency 
for fluid with any viscosity nnd density; it remains to be estab- 
lished by further investigation and by practice whether or not 
the turbine has substantial advantages when compared witli 
conventional turbines, in the various extremes of application. 
For all of the data presented herein, it is assumed that the flow 
in the rotor is laminar. It is known from investigation by 
Adams and Rice (20] that laminar flow occurs in the flow be- 
tween rotating disks over a wide range of the flow parameters. 
The criteria for prediction of laminar and of turbulent flow ha* 
been established for multiple-disk turbines; il is known at this 
Lime that laminar flow persists to high values of .V|,, ; for low 
values of l\, and to high values of for low values of .V (l i:; 
high values of both parameters promote turbulent flow. Details 
of the delineation of the laminar region and of t he experiments 
leading to it are available in a University Report [28] and will 
appear subsequently in a journal publication. 
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INTEGRAL SOLUTION FOR COEP.ESSI BLE FLO* THROUGH DISC TURBINES 
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Abstract 

The three-dimensional , compressible, laminar, in- 
ward flow between corotating discs has been modeled. 

The method of solution involves the fitting of eighth- 
order polynomials to the radial and tangential velo- 
city profiles at each incremental step in the radial 
space variable. A fit is accomplished through satis- 
faction of the boundary conditions and the appropriate 
differential eqaations in both integrated and non-in- 
tegrated fora. 

Results, which are applicable to disc turbine de- 
sign, have be« obtained for various values of Mach 
number (M) , Reynolds number (Re), and average dimen- 
sionless inlet velocities in the radial (U 0 ) and tan- 
gential (V-) direction. They show that optimum tur- 
bine efficiency is obtained for M<0.6, V o *1.10, and 
minimum values of U 0 - Since torque decreases with 
U 0> efficiency can be increased only at the expense of 
increased machine size. Reynolds number had only a 
moderate effect on efficiency and no practical effect 
on torque or pressure ratio. For the range of para- 
meter values of greatest interest, the machine operates 
typical ly at low pressure ratios. 

Introduction 

The disc turbine, bladeless turbine, or Tesla tur- 
bine has been given renewed attention the past few 
years. The advantages over conventional bladed tur- 
bines include reduced noise and simplicity of construc- 


tion (reducing costs), hopefully at little or no loss 
of turbine efficiency or increase in machine size. 

Some applications exist even at the expense of lost 
turbine efficiency and/or increased size. Another pos- 
sible advantage is an increase in thermal efficiency 
through use of ceramic discs which allow high tempera- 
ture operation. Problems associated with the fabrica- 
tion of these discs are reduced considerably if the 
need for blades is eliminated. 

The machine consists of a row of closely spaced, 
thin, circular disks mounted on a single shaft. The 
discs have openings at an interior radial location 
through which the flow exits axially. The working flu- 
id is expanded through nozzles directed tangent to the 
outer periphery of the discs. As the working fluid 
flows tangentially and slightly inward on its path be- 
tween the discs it transfers angular momentum via the 
shear forces at the surface. Due to the proximity of 
the discs, the flow can be thought of as a confined 
type rather than a boundary layer type. 

The concept was patented by Tesla in 1913. Sever- 
al attempts have been made in the last 20 years to 
build a turbine of this type in order to obtain perfor- 
mance characteristics. Many of these attempts were 
disappointing, but were based upon limited knowledge of 
the flow field. Some were just based on faulty reason- 
ing; i.e,, roughening disc surfaces "to increase fric- 
tion." Turbines were built by Armstrong 2 , Beans 3 , 
Gruber 6 , Leaman 9 , Muhlstein and Read 1 **, and Rice 16 , 

Most of the analysis pertient to the problem has been 
accomplished by Rice and coworkers** ’ 5 ’ 8 ' 1 °~ 1 3 ’ 1 7 for 
incompressible flow. Results of these studies show 
that it is desirable to operate the turbine under con- 
ditions of laminar flow with low flow rate between disc 
pairs for maximum efficiency. Data obtained by Pater, 
Crowther, and Rice 1 5 on a solution of ethlylene glycol 
and water show pertinent transition criteria for both 
cases of radial inward and radial outward flow between 
a pair of rotating discs. The remaining problem of 
interest is that of steady, laminar, compressible flow 



Figure 1. Problem geometry. 


through this turbine. 

Problem Development 

The geometry of the problem is shown in Fig. 1, 

The equations of motion for a constant viscosity fluid 
flow are: _ , 

P - F - V(p-^vV-v) ♦ U V 2 v. (1) 

The continuity equation is: 

|| ♦ oV.(T * 0 (2) 

Finally, the equation for polytropic flow provides an 
equation of state. 

^ * constant. (3) 
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If the assumption is made trial disc thickness, 
the disc radius; and nondimensional terms: 

= P./hfi 


G/r o n 

T/r o 

p/? n 


* /T o 

I/h 

P/P 


are used, equations 

(1) reduce to the following: 
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- 7 2 4 

3u _ dp/dr ( 3 2 u/3z 2 

(4) 

U 3r 

r 

* 3z kM^p + Re p 


3v 
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3v _ 3 2 v/3z 2 

(5) 
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The continuity equation becomes, 


3r 

(oru) 

+ (prw) - 0. 

(6) 


AH 6-dependent terms have been dropped from equa- 
tions (4-6} bv reason of symmetry. If the isentropic 
flow equation of state is chosen, n=k, and equation (3) 
becomes: . 

p - p k (7) 

This choice does not imply that we are assuming the tut* 
bine is operating i sentropically . It is merelv a con- 
venient and reasonable choice of state equation for 
most gases, boundary conditions for this flow are: 


u (t , 1/2) = w(r , 1/2) = 0 

(8*1 

v (r , 1/2) - r 

(8b) 

£ ■ It (-.o) = o 

(8c) 

U(l,z) = U o (2) 

(8d) 

v (1 , z) - v 0 ( z ) 

(8e) 

P(l.z) * 1 

(8f) 


Equations (4-7) and boundary conditions, equations 
{8), constitute a statement of the problem. The equa- 
tions are similar to those for incompressible flow used 
by Matsch and Rice 13 , Boyd and Rice 5 , and Boyack and 
Rice 1 *. Differences include the addition of Mach number 
as a parameter and the relevance of the local value of 
pressure on the solution. 

Method of Solution 

Boyd and Rice 5 solved the incompressible flow equa- 
tions using finite difference techniques. However, the 
method was expensive in terms of computation time. 

Boyack and Rice 1 * used polynomial approximations for the 
velocity components and a unique method of solution to 
solve the same equations reducing computation time by 
g factor of 50. The latter method was chosen for solu- 
tion of the present equations. 

Since the paper by Boyack and Rice contains some 
errors, the method is repeated here. Eighth-order poly- 
nomials were chosen to represent the tangential and 
radial velocities: 

8 . 

u{r , z) * I A (r) 2 X (9) 

i = 0 


v (r , :) 


I B. (r)z 
i=0 X 


( 10 ) 


Flow symmetry in the z-direction commands that all odd 
i coefficients are zero. Thus, if the inlet profiles, 
Mach number, and Reynolds number are specified, solu- 
tion can be obtained at each r (starting at the inlet) 
provided 5 independent equations for the Ai coeffi- 
cients, 5 independent equations for the B coeffi- 
cients, and an additional equation containing pressure 
are chosen. 

First, w and p are eliminated from equations (4) 
and (5) using equations (6) and (7). Integrating equa- 
tion (6) with respect to z and using equations (9-10): 

.1 . d^dr * A zili . ® A , ill! (n) 

P k i.o 1 1,1 i.O 1 1,1 


- <7 


where primed terms refer to differentiation with re- 
spect to r. Substitution of equations (9-11) directly 
into equation (4) gives: 



a. *»..»:)] : i,j 

i i l j J J 


In order that this equation be satisfied, the coeffi- 
cient of each power of z must vanish. 


(n + 2) (n+l)A n42 , 
Re P >' k ' 


dp/dr 

W 77 


0; 11*0,2,4, . . . ,16 (13) 


Up to 9 equations can be obtained from equation (13); 
however, not all will be needed. 

Substitution of equations (9-11) into equation (5) 
yields : 
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I E (A B' 
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A. B . 


-L- ((I • 

i + 1 u r 


B. A . +8 . at ] } 
pk 13 l 3 J J 


- I i(i-l) B. Z 1 ’ 2 . 0 (M) 

Re p i/k i-0 
From this is obtained: 
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i n-i 
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;*2)(n+l)B 
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Another 9 equations are available here. 

Rearranging equation (4), integrating to the mid- 


point between discs, and using the boundary conditions 
equations (8), we obtain: 

l c 2 r 2u ly. . I 2 4 u 2 f I + dp/dr . 1d . dp/dr 

1 1/2 
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Re p' 
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Similar treatment of equation (5) yeilds: 
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which becomes: 
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(19) 


Integrating equation (6) to the midpoint between 
discs and using the boundary conditions, 

1/2 a 

( — (rpu)dz - 0 (20) 


a M 

— [rp 5 udz] - 0 (21) 

3r 0 

It is convenient to introduce a mean radial flow 
parameter at the inlet: 

l/ 2 H 1 

0 1 2 j u(l,z)dz - 2 j u (z)dz (22) 

° 0 0 ° 

Using equations (21-22) and the boundary conditions, 
the result is : 
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1/k 


i-0 (i+ 1 ) 2 rp 

Boundary conditions, equations (8a, b) yield: 

8 A. 

E -i-.O 
i-0 2 

8 B 

1 T = r 

i-0 2 1 

Finally, equation (4) is integrated 3 times with re- 
spect to z in the following manner: 
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The equations chosen were equations (13) with 
n=2 and 4, equations (15) with n-0, 2, and 4, and 
equations (17, 19, 23, 24, 25, 27). The zeroth order 
equation from equations (13) was not used as it is 
redundant when equation (27) is included. Since more 
equations are available than needed (overspecified), 
only fourth order satisifaction of equations (12) and 
(14) is achieved. Still, the unique quality which 
sets this type of solution apart from conventional 
integral techniques is that the parent differential 
equations are satisified within the flow (at least up 
to the fourth degree). 

Since the chosen equations contain first order 
derivatives in r, it was necessary to solve them num- 
erically. The Adams- Bashforth predictor-corrector 
method was chosen for its superior stability behavior. 
Truncation error was improved by using a modifier step 
before each operation. The solution was started using 
the Runga-Kutta method. Those equations which did not 
have derivatives in them were differentiated once with 
respect to r. 

Initial values of the velocity profile coefficients 
were generated using equations (8a, 8b, and 22) and: 

1/2 1/2 

V - 2 j v(l,z)dz - 2 | v (z)dz (28) 

0 0 n 0 


Since the most probable type of entry profile for a 
turbine is a uniform flow across the discs, all of the 
runs were made by approximating that condition as close- 
ly as possible (within the constraint of the 8th order 
assumption) using: 


"o W ■ A o * V 8 (29) 

* 0 W ■ B o * v e t30) 


For the case of parabolic entry profiles to match 
the experimental data, 

u ( z) = A ♦ A z 2 (31) 


(z) 


(32) 


were used. For the "uniform” entry case 
(29, 30) become: 9 g 


equations 
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v 0 (z) -!♦(§- 288z e )(V o - 1) (34) 


The parabolic entry pair are: 
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i) 


(35.: 
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Thus, solution was effected using the initial pro- 
files and initial pressure, stepping inward with the 
Runga-kutta method, obtaining the needed 11 derivatives 
by solving the selected equations (13, 15, 17, 19, 23, 
24, 25, and 27) simultaneously with the Crout method. 
When the sufficient number of starting values had been 
obtained, the Adams -Bashforth F-C method was employed 
to continue the solution. Although 11 equations were 
needed to obtain the derivatives at each step, not all 
11 derivatives were needed. To save machine time, only 
the Aa, A,, A 4 , B«, B->, B 4> B 6 , and p values were ob- 
tained using the R-K or P-C methods at each step. The 
Ag, Ag, and Bg values were obtained using equations 
(23, 24, 25) after solving for the other coefficients. 

Dimensionless torque was obtained by employing 
conservation of angular momentum: 
h/2 h/2 

2 J rvpu( 2 i:?di) - 2 J ( 37 ) 

l/ 7 

' - - (38) 


T(r) 


T(r) - 4* [r 2 P uvdz - £ u^, 

The conventional turbine efficiency was computed from 
n t (r) 

except that the static exit pressure was used in lieu 
of the stagnation exit pressure (a conservative choice). 
This was done to make the term compatible with previous 
work by Lawn and Rice 8 . The resulting relationship is: 

- 1 (40) 
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Stability, Roundoff, and Truncation Error 

An indication of the relative stability of the 
solution to each unknown was monitored using the esti 
mate 4f 

S - > 

n fir "" 


-1 


(42) 


If more than 2 of the solutions violated this condi- 
tion, the step size was halved. Reasonable control 
oveT the stability of the solutions was maintained us- 
ing this criteria. 

Since typically 10K to 20K steps were taken in 
the r-direction; it was necessary to protect against 
round-off error by using double-precision in all cal- 
culations of variables which showed r-variation. 

Truncation error was controled using the follow- 
ing criteria: 


- T - 


(43) 


where e L and e,j were chosen prior to starting the solu- 
tion. Typically, 10 _1 * and 10” 6 were used; however, in 
some cases 10 5 and 10 7 were imposed. When the rela- 
tive error Cj,/f n was less than e L , the step size was 
halved; and, of course when the upper limit was vio- 
lated, it was doubled. An estimate of e^ was obtained 
using : 


- (f^ - f L ) 


-c, 


(44) 


Recall that the predictor and the corrector were "mod- 
ified" at each step by adding the truncation error for 
that step to them (see Hamming 7 , p. 206). Thus, equa- 
tion (44) provided the best estimate available of the 
truncation error for the composite method. In order 
that successive halvings and doublings be avoided, the 
minimum number of steps between them was controled. 


Results 

No experimental data for compressible flow are 
available to measure the present solution. However, 
some verification of the solution was obtained bv us- 
ing it (substantially unaltered) to generate a solu- 
tion to the incompressible flow problem. Specifically, 
M 2 =10* 16 and k=10 16 were imposed. This effectively 



Figure 2. Dimensionless static pressure drop for 
incompressible flow. 




transforms equations (4-7), and thus the working equa- 
tions, to the incompressible form. The lone conse- 
quence of this "transformation” is an implied change 
in the dimensionless pressure term, p. More conven- 
iently it becomes 

p = (P c - P)/P 0 r ^ 2 C 45 ) 

if the boundary condition 

p - 0,t) = 0 (46) 

is imposed in lieu of boundary condition (8f) . 

Adams and Rice 1 have obtained data on the incom- 
pressible flow of an ethylene glycol -water mixture 
between a pair of rotating discs. Figure 2 shows data, 
apparently from the Adams and Rice investigation, but 
reported elsewhere 1 *. Dimensionless pressure drop (equa- 
tion 4S) is plotted against radius ratio, r, for the 
case of U 0 = -0.1559, V 0 = 1.1908, and Re= 2.1737. The 
line shows results from the present analysis using 
parabolic entry profiles. The generally higher loca- 
tion of the data can be explained by the difference in 
entrance conditions for the experiment and the analy- 
sis. The analysis assumes full periphery admission, 
whereas admission in the experiment was accomplished 
using 30 nozzles equally spaced adjacent to the edge 
of the 16-inch diameter discs. Ir. view of this dif- 
ference, it is more pertinent to compare slope (pres- 
sure gradient) in this plot. 

Figures 3, 4, and 5 show the performance charac- 
teristics of turbine efficiency, dimensionless torque, 
and pressure ratio (total inlet to static outlet) as 
a function of radius ratio for the condition of 
U o =0.015, V o =i.l0, Re=6 . 00 , and selected values of 
Mach number. In this case and all subsequent cases, 
a value of k = 1.4 was used. Note that peak efficiency 
drops off rapidly for M'O.fi. Another trend is that 
the peak efficiency shifts to a higher value of exit 
radius as M is increased. The approximate location 
of the peak efficiency, r=0.3, holds for the range of 
parameters of greatest interest. The effect of M on 
torque is not discernable in figure J; however, the 
pressure ratio increases rapidly for M>0.6. Note that 
this is typically a low pressure ratio machine. 

Figures 6, 7, and 8 show the performance charac- 
teristics for the condition of M=0.500, V o =1.10, Re= 

3 . 0C , and selected values of Uo, the dimensionless 
inlet radial velocity. Since U Q is a direct measure 
of flow rate, that effect is demonstrated. This para- 
meter s-o-s the most spectacular effect of any on the 
performance of the machine. The trend is to sharply 
reduce peak efficiency as U 0 increases. Also as U 0 
increases, peak efficiency occurs at larger values of 
exit radius. Torque increases with increasing U D , thus 
setting up a tradeoff between machine size and effici- 
ency for a given application. The effect of U Q on 



Figure 3. Effect of Mach number on turbine efficiency. 



Figure -. '. mens i unless torque corresponding to con- 

:: cions of figure 3. 




Figure S. Effect of Mach numbet on pressure ratio. 



Figure 6. Effect :f dimensionless inlet radial vel- 
ocity or turbine efficiency. 


Firure 8. Effect of dimensionless inlet radial vel- 
ocity on pressure ratio. 



Figure 9. Effect of dimensionless inlet tangential 
velocity on turbine efficiency. 
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Figure 7. Effect of dimensionless inlet radial vel- 
ocity on dimensionless torque. 


figure 10. Effect of dimension less 
velocity on direr- i on le? 


pressure ratio is moderate near the radius of interest 

(r-u. 3) . 

The effect of dimensionless inlet tangential ve- 
locity, V 0t on performance is shown in figures 9, 10, 
and 11 fur the condition 11 0 = 0 . 01 S , V*0.600, and Re= 
6.00, Note that for V r ,=''\9, a region exists near the 
inlet where the fluid bulk flow is slower than the 
local disc velocity. Hence, momentum is transfered to 
the fluid in this region resulting ir. a slight negative 
torque (not distinguishable) and efficiency. However, 
of greater interest is the effect of on peak effici- 
ency. An optimum value of V Q in the vicinity of 1.10 
appears to be typical. Note that torque (following 
some adjustment near entry) and pressure ratio are 
near linear functions of V Q . 

The effect of Reynolds number on performance is 
shown in figures 12, 13, and 14 for M=0.500, li o =0.01S, 
and V Q =].10. The lowest case run, Re=3.Q, showed the 
highest efficiency. Other cases of Re=4.0 and 6.0 
(not shown) fell in between the plotted curves. At- 
tempts to use values of Re<3.0 resulted in excessive 


run time and were terminated prior to completion. 
Variation of Re had very little effect on torque and 
pressure ratio, certainly not enough to allow discrim- 
ination on a plot. The trend was toward lower torque 
and higher pressure ratio as Rc was increased. 

Velocity profiles have not been displayed; however, 
they are similar to those shown by Boyack and Rice** 
and Boyd and Rice 5 for incompressible flow. Although 
for the incompressible flow cases, the present solu- 
tion successfully executed inflected profiles, no in- 
flected profiles were obtained for the compressible 
flow conditions run. In cases where inflected profiles 
might be expected, the solution terminated early (r>0.1) 
due to a sign change in the pressure term. After ex- 
haustive review of the solution and the program for cor- 
rectness, it was concluded that a solution did not 
exist beyond these points for that set of inlet para- 
meters. Early term jnation occured in runs which were 
of little interest in the actual design of a turbine 

Spot comparisons with the performance maps of 
Pawn and Rice® using the incompressible flow solution 
provided fair agreement, typically within SV fcith 
the present solution, efficiency and torque were typi- 
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Figure 11. Effect of dimensionless inlet tangential 
velocity on pressure ratio. 
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Figure 12. Effect of Reynolds number on turbine effi- 
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Figure 13. Dire: signless tzrque corresponding to con- 
ditions of figure 1?. 

— ; ; l higher and total pressure drop lower, give" 1 the 
constraint of interpolating the maps. The difference 
night well lie in the way "uniform" inlet profiles 
were defined at the periphery. Indeed, after the solu- 
tion for the case shown in figure 2 was run, a uniform 
entrance solution was made. Differences on the same 
order as cited above were noted, the parabolic profile 
case providing higher efficiencies and torques. 

Discussion 

i.-isses ass . : *. t ed w:t* .rriet nozzle couf 1 ci : ra t i <>n , 
inlet '-oundar. - . r:'* hir.g : windage have not been 
add re by V:- invest:;- * . *\ . It i ; that suf 

cpiil- " ■ -?nt -midablr ch 1 ’ I • At f i - st 

lend scrubbing I:--es ir. r ' ' re as large ,is 15 s . for 
high it. let vt l.. : : t ies. ) 

The problem . : prod i : : t -.g laminar fl'-w operatic, 
is not at all sc*:’, r- ! . •*•'*■ :gh *>< d:t*. .f rater. 

Crowther, and Rice 1 5 are very helpful, no data are 
available on flow regime definition for the i reward 
flow of gases between co- rotating discs. This problen 
(transition) will probably define the upper li-.its on 
Re, other factors being a weak function of this para- 
meter. 

Supersonic operation of the turbine was net con- 
sidered, since a shock must occur somewhere prior to 
exit. Not only are large losses involved; but consid- 
eration must be given to possible structural problems 
induced by the shock. It is interesting to ccn lecture 
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Figure 14. Pressure ratio corresponding to conditions 
of figure 12. 


what shape the shock might take. If supersonic flow 
could be maintained into the space between the discs, 
the shock must evidently assume a circular shape at a 
critical radial position. 

From a cursory inspection of the results of this 
investigation it appears that typically a compressible 
flow disc turbine would be a high speed, multistage 
machine with hundreds of closely spaced (2 or 3 mils) 
thin discs. An alternative to staging for this low 
pressure ratio machine is regeneration, A closer view 
of the details needs to be made for each particular 
application trading off machine size for efficiency. 

Cone lusions 

A solution to the laminar, compressible flow be- 
tween rotating discs has been aecor.r I i shed . Results 
arc applicable to disc turbine J*si gr . Results show 
that : 

1. Maximum efficiency is obtained as the flow 
rate (U Q ) between discs is minimized. However, since 
torque is adversely affected by minimizing U s , a com- 
promise between efficiency and turbine size will be 
necessary . 

2. Opt in iim efficiency is oft v - ?d for *•'••' . , 

effu itncy rising slight: - a> ’>* is : educed further, 
"ihert is no effect cm; : or..-s? an 1 .. -derate or. 

rt"' so? e ra» < > for W< : - : • . 

Depending some-.:,’ on tr- .tier p.s r .\- * *>rs , 
s»pr lmum effic let’s. > is < h l .■ i nr ! t\<: '. . 1 tor- 

que and pressure ratio are virtual ! linear functions 

4. Weyno ! ds number i-.ris or 1 v a moderate effect on 
•fficicncv, a’ least : r; the rann " . R. n. a •'••- jgh 

is maximum at Re=3.0, the criteria for selection of 
operating Re might be better based on transition data. 
Remolds number has no practical effect on torque or 
pressure ratio. 

3. The shape of entrance profiles can alter per- 
• t ’ a n . e parameters as much as 5 V 

6. For the range of parameters of most interest, 
*. .cal radius ratios for optimum performance are 
:3<r<0 . 30 . 


Nomenclature 

A. Coefficients in the radial velocity polynomial, 

1 u(r.z) 

B Coefficients in the tangential velocity polynom 

1 i a I , v ( r , z ) 

e. Upper limit imposed on the relative truncation 

h error, c /f 

n n 

Lower limit imposed on the relative truncation 

error, c / f 
n n 

f Function, f(r), evaluated at r=r . 

n n 

f“ Corrector value of f 

n n 

f’redictor value of f 
n n 

f Body force vector 

h Disc spacing 

£»H. Difference in time rate of change of isentropic 
1 stagnation enthalpy across turbine 

k Ratio of specific heats, c /c 

1 p v 

m Ratio, (k-l)/k 

M Mach number, r ft/Ap /o 

O 0 0 

P Dimensionless pressure, p/p Q 

n Inlet pressure 

1 o 

P to Dimensionless total pressure at inlet, P tQ /P 0 
r Dimensionless radial coordinate, r/r^ 

r Radial coordinate evaluated at n th step 


r 

o 

ke Reynolds number, Dh 2 /u 

S Partial derivative, af/>r (r 

n n 

f'ime 

T Dimensionless torque for disc pair, T/g^r* h:. ’ 

u Dimensionless radial velocity, u/ftr 

o 

u^ Radial velocity profile- at inlet, u = u^ f z ) =u ' 1 , z ) 

” Inlet radial velocity !■:> ramet er . 7 | *dr 

!‘iT"--nr. ion less tangential ve; c-etty, v-'r . 

S ti.gentiai Vi loci t prt.fi .«• at ir let , v -v :;1 ■ 

0 *(\, z) ' ° ° 

v - Velocity vector 

1/2 

V Inlet tangential velocity parameter, 2 ( v (zldz 
o 0 ° 

w . imensionless axial velocity, w/fth 

z : imensioniess axial coordinate, z/h 


th 

e. i runcat ion error at n step 

n 

n Turbine efficiency 

t 

p Dynamic viscosity at inlet 

u kinematic viscosity, u/(> 0 

p Local dimensionless fluid density, p/c q 

p Density at inlet 

o 

ft Disc angular velocity 
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New efforts aim at practical application 
of multiple-disk-pump concept in industry 


A Michigan company, experimenting with the 60 -year old Tesla 
idea, now offers several pumps. Trials with compressors, blowers, 
and even turbines also show promise for the bladeless impeller 


By William O’Keefe, Associate Editor 


The centrifugal pump as we know it to- 
day moves fluid through its impeller bv 
the rotating action of' curved blades. 
The efTect of the blades on the fluid is 
easy to understand. However, the possi- 
bility of a smooth, flat impeller drawing 
fluid in near its center and expelling tiie 
fluid at high speed from the periphery is 
not so easy to visualize. Nevertheless, 
the idea is not new: it was patented by 
Nikola Tesla many years ago. 

At that time, the multiple-disk or 
bladeless-w’hecl machine seemed to 


oflcr little, compared with the conven- 
tional centrifugal pump or other avail- 
able types, which were already at a sat- 
isfactory level of performance for the 
period's applications. But about 20 
years ago, because the multiple-disk 
concept had certain potential advan- 
tages in aerospace work, analysis and 
development began in earnest. 

Several working models showed the 
feasibility of the idea, even though 
pump efficiency was low. By then, the 
work had a firm enough R&D basis so 


that even the demise of the aerospace 
application for the pump several years 
ago did not destroy practical interest in 
the idea. 

Today, a small firm in Vernon. Mich. 
Molecular Kinetics Inc. is carrying the 
effort forward, and has reached the 
point at which pumps are being offered 
commercially. T he efforts ol the firm 
center on pra ; “1 research and also on 

conducting experiments on blowers and 
turbines that utilize the bladeless-wheel 
concept. 


Impeller disks drag fluid through pump in spiral outward path 


Discharge 




Bladetess wheel is heart of Molecular Kinetics pump, but fluid entry and exit 
have received close attention, too. Casing outlet Is on radius, as in AVS pumps 




Symmetry and simplicity of pump Conventional frame and drive adapt 

components are apparent in this model easily to pump’s casing and rotor 


In conventional turbomachinery, such as 
pumps, compressors, and turbines, either 
blades or shaped passages produce mo- 
mentum exchange between fluid and ro- 
tor, The resulting force comes from pres- 
sure distribution over the rotor. In the 
multiple-disk rotor as It is used In a pump, 
however, all force transmission between 
fluid and rotor results from shear stress 
exerted on the fluid by the rotor. 

The rotor consists of several thin, 
closely spaced disks, bolted together. 
Each disk has a center hole, through 
which liquid or gas passes on Its way to 
the narrow spaces between disks, as fig- 
ure at left shows. The boundary layer of 
fluid on each disk face revolves with the 
disk, and accelerates incoming elements 
of liquid In a spiral path until the tip veloc- 
ity of the impeller is reached. The liquid 
leaves the open periphery of the rotor, 
travels through a narrow annular space 
between casing and rotor, and finally exits 
at a discharge connection mounted radi- 
ally on the casing. 

As In conventional blaaed-impeller 
pumps, the peripheral speed of the disk 
pack determines the head developed. Ca- 
pacity In a multiple-disk pump depends on 
the number of disks and the total surface 
area. Stacking up of disks Is the logical 
way to build capacity. Not only liquids but 
also air and other gases can be "pumped” 
by the machine, although the effects of 
compression complicate design. Finally, 
the bladeless wheel can be rotated by 
steam from peripheral nozzles to deliver 
power, thus becoming a turbine. 
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What is the reason for renewed inter- 
est in this idea 0 On the face of it, the 
best that could result would be a 
younger brother of the conventional 
centrifugal pump, blower, compressor, 
or bladed turbine. This is not the situ- 
ation in practice, however. Multiple- 
disk machines have several advantages 
that can win a place for them. For 
pumps, let’s look at where these ma- 
chines stand in comparison with 
bladed-impeller centrifugals. 



First, the multiple-disk pump can 
move liquids with a wide range of vis- 
cosities. in tact, wherever fluids have 
viscosity or density greatly ditferent 
from water’s values, the multiple-disk 
pump will be worth scrutiny. Slurries 
are also a good possibility. And abra- 
sives could be handled w'ilh less chance 
of damage to the rotor, because the 
abrasive particles do not impinge di- 
rectly on blades, as in regular centrifu- 
gals. Pumping of fragile material par- 



Centrilugal blower is another possible 
application for muiliple-dtsk principle 


tides in a liquid could be another end 
use for the pump. 

Lack of blades in the direct path of 
the fluid is not unique to the multiple- 
disk pump, of course. Some centrifugal 
pumps, like the two shown above, rely 
on recessed but still bladed impellers to 
develop a vortex in the pump casing. 
Such recessed-impeller pumps can 
handle slurries, abrasives, and fragile 
materials, although efficiency is low. 
(One extra advantage of the recessed- 


Vanes In some modern centrifugals are deliberately moved back from volute passage to 
handle solids and slurries better. Impeller effect transmits through the fluid 


Bladeless impellers function as a turbine for wet steam 


If It is provided with steam-admission noz- 
zles around the casing, a properly de- 
signed multiple-disk impeller can act as a 
turbine. Steam (or liquid or gas) spiraling 
inward to the hole at disk center exerts a 
shear force on the disks and rotates them. 

One big advantage of such a turbine is 
its ability to take very wet steam without 
harm. (Wet steam can quickly injure a 
conventional bladed turbine.) This charac- 
teristic has made the machine interesting 
to process plants that have had drive-tur- 


bine troubles involving poor-quality steam. 

Disk spacing in multiple-disk turbines is 
often close, on the order of a few 
thousandths of an inch. Stainless steel is a 
good corrosion-resistant material for 
disks. Theoretical efficiencies are as high 
as 80%, but actual overall efficiencies of 
experimental machines are lower than for 
conventional turbines, because of losses 
of available energy in nozzles and ex- 
haust, admission blockage, and shear 
forces on rotor outer surfaces. 


Housing 



Competitive performance is emerging for new production versions 


Although the multiple-disk pump might find minor uses merely 
because of its unique characteristics, wide acceptance will de- 
mand good performance. This means a reasonable range of 
heads and capacities, and reasonable efficiencies. This is part of 
the development under way now. Graph at right is a head-capacity 
chart for one of the Molecular Kinetics pumps on test. With a 
3600-rpm motor drive, the pump delivers around 200 gpm at 
about 64- ft head. Efficiencies are not so high as those of the 
best centrifugals, but are near those of many specialty pumps. 

The pump operates smoothly and quietly down to shutoff, with 
no vibration. Noise is hard to estimate, because the cooling fan 
on the drive motor makes much more noise than the pump. At the 
present time, top capacity is estimated to be around 640 gpm, as- 
suming a 3600-rpm drive, which is quite common in conventional 
centrifugal-pump work. This size range should allow the new 
pump to get consideration in most process work. 




impeller pump is its ability to handle 
large soluk, of course ) 

High suction specific speed is a plus 
tor the multiple-disk pump. This prop- 
erty means low cavitation sensitivity, 
uhich can be important with liquids of 
hit’h vapor pressure. or where suction 
heads arc low 

Because the closely spaced disks in a 
multiple-disk rotor can exert a drag on 
an\ liquid or gas between them, the 
pump can draw in air from its suction 
connection, and this is useful in self- 
priming. Molecular Kinetics savs it can 
achieve vacuum up to 25 in Hg. and the 
c fleet is enough to self-prime the pump 
even if the casing is less than half full. 

Small centrifugal pumps have always 
been at an efficiency disadvantage com- 
pared with larger units, and this gives 
the multiple-disk pump another oppor- 
tunity Low -volume applications arc 
now being worked on. 

Production problems should be fewer 
with multiple-disk pumps, if present de- 
velopment is a good clue to the future. 
A simple cylindrical casing and a series 
of flat disks and spacers on a shaft allow 
the manufacturer to eliminate patterns 
and castings. This is an attractive sav- 
ing, especially if designers have to 
match a pump very closely to its service. 


In the multiple-disk pump, addition of 
disks raises capacity, and increases in 
disk OI) or rotor speed build head. 

Disadvantages of the multiple-disk 
pump still center on its low efficiency. 
So improvement in efficiency' is the big 
(ask that is taken on bv practical devel- 
opers. Progress to date is apparent when 
von compare the graph at center of the 
previous page with the 12-21% effi- 
ciencies of early experimental pumps. 
Nevertheless, much practical work re- 
mains. Remember that theoretical effi- 
ciencies of a single disk pair do not take 
into account such influences as inter- 
ference of disk edge with flow at en- 
trance and exit of passageway, losses in 
the entrance plenum and in the casing, 
and disk/casing-side friction. 

It is quite possible that improvements 
in efficiency will complicate design and 
manufacture and increase costs, f or ex- 
ample. devices introduced around the 
pump eye could help smooth the sharp 
right-angle turn into the disk spaces, but 
pump cost would go up. For the casing, 
a different outlet nozzle or a special 
shape could look attractive in theory, 
and even in experiments, but added 
manufacturing costs or the need for 
castings could hurt, along with loss in 
design flexibility. Locating the rotor off- 


center in c n enlarged circular casing is 
another possibility, but this would have 
to be closely examined to determine its 
effect on efficiency. 

A compressor or blower operating on 
the bladelcss-impcller concept is even 
more foreign to ordinary' engineering 
experience than is the pump. Yet a 
stack of closely spaced spinning disks 
can produce a flow of air by shear ac- 
tion. So far. the blower looks easier to 
develop than a compressor. As with 
pumps, efficiency is retained in very 
small sizes, giving a potential advantage 
w'hcrc air volumes are small and good 
efficiency is sought. 

Turbines of multiple-disk design are 
feasible, too. and some authorities think 
this mav be the most promising use of 
the principle. 

The geothermal area is one illustra- 
tion of how* the multiple-disk principle 
can serve a demanding application. Wet 
steam and cavitation are expected to be 
problems in geothermal work. but the 
multiple-disk machines should be equal 
to this. The turbine can handle wet 
steam, and the pump resists cavitation. 
Other applications are actively being 
sought now', and the future looks bright 
at last for an idea that originated 
around the turn of the century. WOK 
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The theory of the multiple-disk pump has developed in past 20 years 


When Nikola Tesla obtained the original 
US patents for the multiple-disk pump in 
1913, the engineering and scientific com- 
munity took little interest in the idea. It was 
not until the 1950s that such investigators 
as Warren Rice, at Arizona State Univer- 
sity, began to work on the theory and de- 
velopment of the machine. Since then, 
several pumps, turbines, and blowers or 
compressors have been built to test 
analytically derived ideas. 

Most of the theory centers on what hap- 
pens in a single passage between two 
disks. Assumption is that flow in all disk 
spaces is similar, a condition believed to 
be reasonably attained in real machines. 
The fluid is assumed to be a two-dimen- 
sional flow, axially symmetric, in the plane 
of the smooth disks, which rotate at con- 
stant angular velocity, Q. Theoretical 
analyses often assume that a reversible 
diffuser collects fluid from the rotor and 
decelerates it to a stagnation condition. 
Viscous forces can be taken into account 
by expressing the shear stress at surfaces 
of contact between fluid and disks in 
terms of a constant factor, f. 

Solution of the differential equations of 
motion for fluid flow between the disks re- 
quires a computer. For effective conver- 
sion of theory to practice, parameters are 
advisable. Reynolds number, N Rp , is one 


of these. For the multiple-disk pump, it is 
f>fih 2 V, where p is the fluid density, fi the 
disk angular velocity, h the spacing be- 
tween disks, and p the fluid viscosity. An- 
other parameter, which Rice calls a vol- 
ume flow-rate parameter, is U 0 - This is 
0/(27rri 2 Q h), where Q is the volume flow 
rate, and r> the disk’s center-hole radius. 

High efficiency will be important in mak- 
ing the multiple-disk pump a success, and 
analysts must sort out the various parame- 
ters and variables to show what engineers 
and designers need to take Into account. 
Graphic plots of efficiency against Rey- 
nolds number, or ratio of disk outer radius 
to inner radius, are a convenient aid. 

Graph at right is an example Here the 
factors are arranged to show how effi- 
ciency varies with the design-important 
factor of ratio of disk-hole diameter to disk 
diameter. Several curves show the vari- 
ation for a range of U„ values. In this 
graph, N Ro is assumed to be a constant 
5.0. Maximum efficiency of multiple-disk 
pumps occurs at low Reynolds numbers. 
One researcher concluded that an N Rp of 
7 T 2 gives the highest efficiency, but others 
believe that an even lower value yields the 
maximum. The lower value is based on ex- 
perimental results, and any added prog- 
ress now will have to come from enlight- 
ened development work. 


Except for the rotor, the principal design 
problem will center on getting effective 
diffusion of flow leaving the rotor. Roughly 
half of the rotor-imparted energy is kinetic 
energy as the fluid enters the diffuser. In 
addition, flow angle of fluid entering the 
diffuser is low, because the radial compo- 
nent of velocity is low compared with the 
tangential component, so pressure recov- 
ery and diffuser efficiency tend to be low. 




Kathleen Joyce — Walter P. Baumgartner 


Thi®- article will acquaint 
the reader with one of Nikola 
Tesla'? very important contribu- 
tions in the field of applied me- 
chanics. the rotary machine which 
he invented around the turn of the 
century . 

Nikola Tesla’s most ingenious 
invention of polyphase transmis- 
sion of electrical power and his 
great accomplishment in the trans- 
mission of electrical, energy with- 
out wires using high frequency- 
electric oscillations were funda- 
mental in the development of radio, 
T.V. and radar. 

It is most unfortunate that 
Ter. la's ingenious turbine design, 
which exploited the well-known 
Dhenomenas of viscosity and adhe- 
sion, was never really recognized 
in engineering circles. Our jet 
engines would be much more power- 
ful with a lot less fuel consum- 
t ion . 


In 1912 Tesla developed a 
small turbine which he referred 
to as: "a nower house in a hat." 

"What I have done is to dis- 
card entirely the idea that there 
must be a solid wall in front of 
the steam and to app’y :r a prac- 
tical wr v , for the first t ;•<)-, two 
properties which every physicist 
knows to be common to all fluids 
but which have not been utilized. 
These are adhesion and viscosity. 

"To say nothing of it being 
a new application of mechanical 
principles, it has many de ided 
advantages. First of these is 
its simplicity. It is comparative 
ly inexpensive to construct, be- 
cause nothing but the bearings 
need be accurately fitted, and ex- 
act clearances are not essential. 
Then there is nothing to get out 
of order and the disks can easily 
be replaced by any competent me- 
chanic. It can be reversed with- 


© 1978 Walter Baumgartner and Kathleen Joyce 

ENERGY UNLIMITED No. 1 19 


a, 




71 


Stationary Vanes 



Principle of the conventional turhin e with its velocity staging. 
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out. ^orr.niox or cumbersome apnara- 
that is needed is a two- 
wav valve to let the stearr, in at 
ore side or the other, an desired. 
! ' n vnrn ing an ordinary turbine in 
next, to impossible. 

F ven though Tesla’s name was 
hardly ever mentioned in our edu- 
cational institutions, Tesla oc- 
cupies one of the outstanding 
places in the history of modern 
soignee and techniques. For his 
r~i nrti f in achievements, Nikola 
Ten'... received many outstanding 
recognitions from distinguished 
scientific institutions throughout 
1 h •' w.-'i Id, and was cr- s • , ::ted with 
n doctor’s depr(?oc. 


T 'TRODHOTION 

A working one-stage model of 
a revolutionary new turbine (based 
on Nikola Tesla’s design) can be 
built which will provi do at least 
10# efficiency in energy conver- 
sion as compared to the 20-2*5# ef- 
ficiency of present-day turbines. 
(Fpo Figure 1 - Principle of Con- 
ventional Turbine Operation and 
figure a - ^rincinle of New Tur- 
bine r esign). A two-stage model 
would provide an efficiency of at 
least “50# in energy conversion, 

^FSCRT r T_[_0N_0^ Ngw TUPBTNE DESIGN 

The turbine :r>r 'sts of a set 
of flat metal disKs mounted on a 
shaft and rotating within a casing, 
with a fluid or gas entering with 
high velocity at the periphery of 
the disks, flowing between them in 
free spiral paths, and finally es- 
caping through exhaust ports at 
their center. 

The new turbine has three ma- 
jor parts (see Figure 4 - Sketch 
of Single-Stage New Rotary Tur- 
bine) s 

1) the rotor, a set c x ’ close- 
ly spaced metal disks on a common 
shaft , 


2) the casing containing the 

rotor 

3) a mechanism to introduce a 
moving fluid or gas under pressure 
into the rotor. This can be ei- 
ther a compression chamber (see 
Figure 3 - Design of Combustion 
Chamber of New Turbine) or an in- 
put valve. 

Kinetic energy (and optional- 
ly thermal energy) from the moving 
fluid or gas (energy medium) is 
converted into mechanical energy 
for use by devices attached to the 
drive shaft. The fluid or gas is 
injected at the periphery of the 
rotor and spirals inward between 
the disks toward the center where 
it exits. The vortex of energy 
set up by the energy medium drags 
the rotor along with it, thus 
turning the drive shaft and produ- 
cing mechanical energy. (See Fig- 
ure 5 ■* Spiral Vortexual Movement 
of Energy Medium between Disks of 
New Turbine ) . 

For more efficient energy 
conversion, the exhaust from the 
first stage can be utilized ;o 
power a second stage of the L.u- 
jbine. The second stag, would be 
similar to the first su t y out .n e 
rotor disks would oe it.. ^ r in di- 
ameter and there would be me. e of 
them. 

OPERATIC PPINC IfLcS CF NEW TUR - 
BINE DESIGN 

The new turbine design is 
based on the vortex principle and 
the use of the adhesion and vis- 
cosity properties of fluids and 
gases . 

THE VORTEX PRINCIPLE 

p luids and gases in motion 
are used as an energy carrier in 
the conversion and practical ap- 
plication of mechanical power. A 
body placed in a moving fluid is 
forced in the direction of fluid 
movement. Normally a fluid in mo- 
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tion, introduced under pressure, 
will gradually lose its velocity. 
This is partially compensated for 
by utilizing the vortex principle 
and introducing the fluid at the 
large open end of a vortex. As 
the fluid moves in a tighter and 
tighter spiral, its speed increas- 
es. This is illustrated in the 
common example of water exiting 
out the drain of a sink. 

In the turbine design, the 
motion of the spirally exiting 
fluid causes the disks submerged 
in the fluid to revolve on their 
common axis, converting the kine- 
tic energy of fluid movement to 
mechanical movement of a rotating 
shaft. If steam or gas is used, 
th" resistance to the oassage of 
the energy medium between adjoin- 
ing plates is approximately pro- 
portional to the square of the 
relative speed, which is at a 
maximum toward the center of the 
disks and is equal to the tangen- 
tial velocity of the energy medi- 


um. Thus the resistance to radi- 
al escape is very great, being 
furthermore enhanced oy the cen- 
trifugal fo’-ce acting outwardly. 

Change in the velocity and 
direction in the fluid or gas 
should be as gradual as possible. 

In apparatus currently utilized, 
more or less sudden changes, 
shocks and vibrations are unavoid- 
able. Devices used to extract 
energy from fluid motion (pistons, 
paddles, vanes and blades) intro- 
duce numerous defects and limita- 
tions and add to tne complica- 
tions, cost of production and 
roaintenanc- of energy generating 
mach i nes . 

With existing rotational ma- 
chines, the working fluid or gas 
is forced to follow both moving 
and stationary channels. This 
movement is influenced by the hy- 
draulic resistances in the differ- 
ent channel cross sections which 
produce eddy currents through var- 
iation of direction and speed 
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within the channels. These resis- 
tances diminish considerably the 
efficiency of present-day machines. 

By allowing the propelling 
fluid to move in natural paths or 
stream lines of least resistance, 
unimpeded by vanes or kindred de- 
vices, we can eliminate those re- 
sistances and find a much better 
energy conversion based on the na- 
tural vortexual flow which occurs 
between the disks in a spiral 
movement. The fluid thus changes 
its velocity and direction of 
movement by imperceptible degrees 
and avoids losses due to sudden 
variat ions . 

This invention has a much 
more efficient energy conversion 
ratio since it utiliz e s the vor - 
tex pri n ciple . 

ADHESION AND VICOSITY PROPERTIES 
OF F LUIDS AND GASES 

A new principle, which has 
not been exploited so far in tur- 
bine design, is the active use of 
the cohesion and viscosity pro- 
perties of fluids and gases. As 
the inner and outer friction of 
the fluid or gas is dependent on 
cohesion and viscosity, so also 
the resistance of the moving body 


or rotor is dependent on this came 
trait. Machines of this design 
could be called frictional ma- 
chines . 

Metals and gases have a pecu- 
liar affinity for each other which 
causes the molecules of gases to 
cling to metals. Consider a set 
of parallel metal disks mounted on 
a common axis and immersed in a 
spirally revolving gas. The disks 
will turn on their axis due to the 
movement of the gas. The disk 
movement is enhanced by the adhe- 
sion of the moving molecules of 
gas to the metal surface. This 
adhesion Principle is util ized ty 
placing the metal disks very close 
together. The dimensions - v.' 1 
dc/ice as a wl ^le, and tne spacing 
jf vhe u sks in any given mu.-., ino 
will be jt.-t .1 by tne condi- 
tions and requirements of spec ia 
cases. The intervening distance 
between disks should be greater-, 
the larger the diameter of the 
disks, the longer lh- spiral path 
of the fluid and the greater its 
viscosity. The spacing should be 
such that the entire mass of the 
fluid, before exiting, is accele- 
rated to a nearly uniform velocity, 
not much below that of the peri- 
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nhery of the disks under normal diminishing velocity until it 

working conditions, and almost e- reaches the orifices through which 
qua l to it when the outlet ia it is discharged. If the disks 

closed and the particles move in are allowed to turn freely, on 
concentric circles. nearly frictionless bearings, the 

When the fluid under pressure disk rims will attain a speed 
is allowed to pass through the in- closely approximating the maximum 
nut valve, the disks will be set of that of the adjacent fluid and 
in rotation in a clockwise direc- the spiral path of the particles 
tion, the fluid traveling in a will be comparatively long, con- 

r-'iral rath and with continuously sisting of many almost circular 


Combustion Chamber 
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turns. If load is put or. and the 
disk thus slowed down, the motion 
of the fluid is retarded, the 
turns are reduced and the path is 
shortened . 

In general, the torque will 
be directly proportional to the 
square of the velocity of the 
fluid relative to the disks and 
to their effective area, and, in- 
versely, to the distance separa- 
ting them. The machine will, gen- 
erally, perform its maximum work 
when the effective speed of the 
disks is one-half of that of the 
medium; but to attain the highest 
economy, the relative speed or 
slip, for any given performance, 
should be as small as possible. 
This condition may be to any de- 
sired degree approximated by in- 
creasing the active area of and 
reducing the space between the 
disks , 

One of the interesting fea- 
tures of this turbine is that it 
is self-regulating. The periphery 
velocity of the disks cannot ex- 
ceed the velocity of the entering 
medium. 

PREVIOUS WORKING EXPERIMENTAL 
MODELS OF THIS TURBINE . 

Nikola Tesla built 7 differ- 
ent working models of this turbine 
design. The vital statistics on 
these models are given in TABLE 1, 
VITAL STATISTICS OF WORKING MODELS 
OF TESLA TURBINE. 

In 1972, Mr. Walter Baumgart- 
ner built an experimental model 
driven by compressed air. This 
model turned 18,000 RPM. The tur- 
bine tested was coupled by gear 
drive to an AC generator. The ro- 
tor consisted of a stack of very 
thin disks six inches in diameter 
made of high grade steel. The 
disks were one thirty-second of an 
inch thick and were separated by 
spacers of the same metal and 
thickness but of much smaller dia- 
meter which were cut in a form of 
a cross with a circular center 
section. The extended arms served 
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as ribs to brace the disks. There 
were eight disks and the edgewise 
face of the stack was approximate- 
ly one-half inch across. They 
were mounted on the center of a 
shaft about six inches long. The 
shaft was nearly an inch in diame- 
ter in the mid-section and was ta- 
pered in steps to less than half 
an inch to the ends. The rotor 
was set in a casing made in four 
parts bolted together. 

The generator was loaded to 
test horsepower on the turbine. 

On test bench, the 6" model gave 
15 horsepower with cold air (non- 
expanding gas) and with just one 
input nozzle. The compressed air 
entered at 180 Ib./sq. in. pres- 
sure. A six-inch model, one-stage, 
one nozzle, steam injection, would 
give 30 horsepower. 

In the ' 0 f - of expanding gas- 
es, several designs of combustion 
chambers are possible depending 
upon the turbine application. To 
attain a long operating life for 
the disks, the combustion chamber 
is designed to have the actual 
combustion occurring in an auxili- 
ary chamber with water injection. 
This will decrease the high tem- 
perature but increase the expan- 
sion factor since water will split 
partially into hydrogen and oxy- 
gen. An increase in the number of 
combust .on chambers would also 
contribute to a greater gain of 
oower. Axial a ircompressers could 
be introduced which again would 
bring up horsepower and increase 
e f f i c i e nc.y . 

In another model, a jet of 
steam rushing at high velocity be- 
tween very closely spaced disks 
was slowed down by the friction, 
but the disks, being capable of 
rotation, moved with increasing 
velocity until their speed was al- 
most equal to that of the steam. 
Utilization of the attraction be- 
tween gasses and metal surfaces 
enabled the moving steam to grip 
the metal of the discs more ef- 
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TABLE 1 VITAL STATISTICS OF WORKING MODELS OF TESLA TURBINES 


MODEL ID. 

1906 

1906 

1910 

1 

— 

1911 

WATER- 

SIDE 

ALLIS 

ALLIS 

CHALKER 

' H.P. OUTPUT 

30 


100 

110 

200 

200 

675 

S'-'ICIENCY 





. 


38/o 

P . n . M . 

20,000 

35,000 

10.000 

9,000 

9,000 

10. GOO- 
12, 000 

3. 500 

TIMBER O 17 DISKS 

12 

« 




20 

15 

DISK DIAMETER 

5" 

6" 

12" 

9.75” 

IB" 

IB" 

60“ 

DISK THICKNESS 


1 / 32 " 





1 / 8 " 

DISK STACK 
THICKNESS 


1/2" 


2 " 


— 


DISK MATERIAL 


GERMAN 

SILVER 






MEDIUM USED 

COMPRES 
SED AIR 




SATURATED 

STEAM 

STEAM 


~ r ' V, L" *1 \i 
r»o p^'tr f? 




125 LB. 
,/SQ.IN. 

125 LB. 

/SQ. IN. 

BO LB. 

BO LB. 

CO M SPM?TION 





3S LB/HP 
/HR 



J VT TJT 

TEMPERATURE 







100°F 

SUPER- 

HEATED 

’-fSAT DROP 





130 B.T.U 



TURBINE WEIGHT 

10 LB. 




! 400 Lb. 



ROTOR WEIGHT 

U LB. 







PO^O* HV^EIGHT 
*4TIO 

20 HP 
LB 
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f actively and to drat* them a- 
round at high velocities. This 
almost frictionless machine 
transmitted almost the entire ex- 
pansive energy to the shaft. 

A colei with disks enlarged 
i \ diameter to 10 inches and 
stacked to 2 inches with only one 
pox't or combustion chamber can be 
expected to produce a minimum of 
200 horsepower. Tesla claimed, 
"Under proper conditions and ar- 
rangements, the performance might 
increase to 1000 horsepower. 

There is almost no limit to the 
mechanical performance (transfor- 
mation or conversion) of such a 
machine design. This engine will 
work with gas, as in the usual 
type of explosion engine used in 
automobiles and aircraft, even 
better than it did with steam." 
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A 66-n age compendium of' pic- 
tures, articles and patents 
of Tesla on: 

TRANSMISSION 0 r ELECTRICAL 
ENERGY WITHOUT WIRES 
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ELECTRICAL GENERATOR 
TESLA STEAM TURBINE 
FLUID PROPULSION 
OZONE PRODUCTION APPARATUS 
A limited number of these 
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3562 Moore St . 
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Price $4.00 
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Nu-Age Science 
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Experimenter or 
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Write and ask for 
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by WALTER R BAUMGARTNER 


28 


UNLIMITED No. 1 


ENERGY UNLIMITED No. 1 






PUMPS 

by Kathleen Joyce 


TESLA'S BOUNDARY LAYER CONCEPT 

The boundary layer concept for the transfer 
of energy in pumps ond turbines was first 
suggested by Nikola Teslo, the father of 
alternating current technology, in the early 
1 900's. Tesla utilized closely spaced parallel 
rotating disks in his turbine. His boundary 
layer technology was based on the 
following principles: 

1 ) The adhesive and viscous properties of 
any fluid cause it to be attracted to the 
surface of the rotating disks thus forming a 
boundary layer. 

2) The resistance of the fluid porticles to 
molecular separation causes the fluid to be 

dragged along" with the turning disks. 

Since Tesla was primarily an electrical 
genius whose efforts were largely concen- 
trated in this field and since metallurgy was 
far from todays state of development, his 
efforts in the boundary layer transfer field 
languished and became public domain. 

ANALYTICAL STUDIES OF BOUNDARY LAYER 

From time to time since then, Tesla's efforts 
have been reviewed by many academic 
institutions and additional analytical work 
hos been done, highlighting the advantages 
and potential of this unique method of 
energy transfer. These analytical works were 
of excellent quality and indicated that this 
technology was capable of producing results 
of exceptional magnitude. 

However, when academic institution 
efforts were made to reduce this work to 
practical hardware, the results were far less 


than the analytical projections. This was 
frequently due to lack of practical experi- 
ence in constructing turbines. This resulted in 
the mistaken opinion that the boundary 
layer (bladeless) pump and turbine were 
generally capable of efficiencies far below 
that of comparable "bloded" equipment. 
This is definitely not true. 

PRACTICAL PERFORMANCE OF NEW PUMP 

Irrefutable data (see Figure 1 ) shows this 
equipment is performing in specific applicc 
tions with efficiencies equal to or greate 
than conventional equipment made to 
handle the same specific application. 

There are many applications in the "real 
world" where "bladeless pumps" perform 
the most difficult or IMPOSSIBLE pumping 
requirements while conventional "lifting 
surface" pumps cannot function at all. 

THE POSSELL BLADELESS PUMP PUMPS 
MATERIALS NORMALLY NOT EVEN ASSOCIAT- 
ED WITH PUMPING. Examples of this are the 
successful pumping of live goldfish in water 
and many vegetables such as potatoes, 
tomatoes, squash, avocados and apples. All 
of this was recently demonstrated with 
absolutely no damage to the very delicate 
materials being pumped. 

Current "in service" applications of the 
Possell Bladeless Pump include: coal slurry, 
geothermal '21 2°’ salt brine, down hole 
pump for gas wells, powered glass, concrete 
grout, produce, sewage, fire pump (3,000 
gpm, 170 psi) and blood pump for medical 
use. 
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A centrifugal and a bladeless pump were 
tested under identical conditions. Doth rotors 
were powered by the same 1 2,000 RPM 2 
pole, 400 cycle, synchronous electric motor. 
The bladeless pump consistently demonstra- 
ted a greater pressure over the whole 
spectrum of volume flow rotes. 

Doth tests were conducted under identical 
conditions. Doth rotors were powered by the 
same 12,000 R.P.M., 2 pole, 400 cycle, 
synchronous electric motor. 


BLADELESS 
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BLADELESS VERSUS BLADED PUMPS 

The Possell Bladeless Pump is a relatively 
new type of pump which has been 
developed to overcome most of the 
disadvantages of conventional bloded or 
impeller pumps. Conventional pumps use 
the lifting surface of blodes on their impellers 
to move fluid. Such pumps ore subject to 
blode impingement of solids when abrasive 
materials ore conveyed in the pumped 
fluids. The resulting erosion of the impeller 
blades causes the bladed pump to be 
subject to significant down time for repairs 
and resultant high maintenance costs and 
incipient pump failure, The Possell Dladeless 
Pump overcomes these limitations of 
conventional lifting surfaces of bladed 
pumps by completely eliminating all lifting 
surfaces. Instead, energy is imported to the 
pumped fluids by the boundary layer drag 
principle. 

CONVENTIONAL PUMP CAVITATION PROBLEM 

One of the most difficult problems facing 
conventional bloded pumps is cavitation. 
This phenomena occurs when the suction 
pressure on the pump inlet drops below the 
"vapor pressure" at the inlet temperature of 
the fluid being pumped. The resultant 
"vapor bubbles" in the pumped fluid ore 
impacted by the lifting surface of the 
impeller. These bubbles collapse and the 
liquid rushes into the voids left by the 
collapsed bubbles and the resultant "implo- 
sion” tears away at the surface of the 
impeller blade, cousing rapid erosion of the 
impeller and o rapid reduction in pump 
performance. It also causes severe pressure 
fluctuations on the discharge side of the 
pump which can damage sensitive equip- 
ment downstream of the pump. If cavitation 
increases further, it will ultimately cause the 
pump to lose its prime and stop pumping 
completely. 

HOW THE POSSELL BLADELESS PUMP WORKS 

The basic design of the Possell Bladeless 
Pump incorporates one or more flat or 


concave discs, attached to a shaft which is 
rotated by any type of prime mover. The 
material which is being pumped is 
introduced into the center of the rotating 
discs where the boundary layer drag, on 
either side of each disc, imports energy to 
the pumped material and the fluid moves 
outward in a helical path to a suitably 
designed discharge opening into o diffuser 
where the kinetic energy of the fluid is 
traded for static pressure. 

The size, number, spacing and speed of 
the discs will vary, depending on the 
characteristics of the fluid being pumped 
and the desired performance. Since there is 
little relative motion between the fluid 
boundary layer and the surface of the discs, 
there is no impeller erosion even when 
pumping the most abrasive fluids. With no 
cavitation, THE POSSELL BLADELESS PUMP CAN 
EFFECTIVELY PUMP GASES, LIQUIDS. SOLIDS 
OR ALMOST ANY COMBINATION OF 2 OR 3 
PHASE FLOWS. 

POSSELL BLADELESS PUMP MANUFACTURE 

The Possell Bladeless Pump offers signifi- 
cant production cost savings in terms of 
manufacturing costs. The impeller discs can 
be stamped from sheet material while the 
circular pump housing can be fabricated or 
cast with equal facility. The inherent 
simplicity of the bladeless pump mokes it 
easy to assemble during construction and 
later enables maintenance to be accom- 
plished simply and efficiently due to the 
ease of disassembly. 

POSSELL BLADELESS PUMP PATENTS 

The Possell Bladeless Pump has been 
invented and developed by C.R. Possell who 
holds various patents on numerous applica- 
tions of the Boundary Layer Technology. 
Additional patents ore pending on turbines, 
pumps, compressors and fans, all utilizing the 
boundary layer technology. 

Readers desiring to purchase these Possell 
Bladeless Pumps and/or Turbines may write 
to this magazine for more information and 
prices. . tftffr 
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NEWS RELEASE Summer ‘85 

NON- DESTRUCTIVE TECHNOLOGY DEMONS '[‘RATED 

ENERGY UNLIMITED would like to inform 
the public of the present development of a 
piece of hardware called an IMPLOSION 
MOTOR which will be a demonstration model 
to show the natural principle of VORTEXIAN 
ENERGY - Key to Motion, Propulsion and 
Power. Designing, developing and testing 
are in progress at the present by "Energy 
Unlimited’s Research Team. 

DISCOVERY RATHER THAN INVENTION 

Their attitude being discovery rather 
than invention has led them to develop an 
observation of natural phenomena. If you 
want to have awesome power and 1 lghtning 
speed look at the masters of sue:, in our 
universe. Nature shouts its seen ts to us 
daily, all we have to do is imitate those 
mechanics . 

VORTEX IS THE SHAPE OF MOTION Fioure 1 

Why the vortex? A vorti x is a 
manifestation of two opposing forces which 
exist constantly in our umversi . It is 
the primary form or shape o: energy 

movement. It is a geometrical spiral. It 
is the gathering tool and holding power of 
Third Dimension form. Motion is the 
bridge from spa--' fabric to a physical 
existence. AIL life is an expression 
through motion and nothing else. 

Reflection and Curvature are used by 

nature to create this motion or action. 
All action is expressed through vortex 
motion. It occurs the same in all 

mediums. "Energy Unlimited’s" team is 

learning to imitate this motion and 
translate it into machinery. Today man 

practices a straight line motion. We 
wrestle with nature, trying to force it to 
act along straight channels in our 
machinery, whether water or electricity. 


Tins is not its normal tendency when 
moving! Mass moved along straight lines 
increases its resistance with increasing 
speed. This method of 
moving mass or medium reverses the process 
of evolution. Through increasing 
resistance, energy, which is supposed to 
perform work, can only express itself 
partially; its freedom being controlled by 
its opposition and resistance. 


Figure 1 



A VORTEX IS AN OPEN GEOMETRICAL SPIRAL 
HAVING THE FORMULA = 



THE NATURAL GENERATIVE MOVEMENT IS AN 
INWARD MOVING^ CENTRIPETAL, OPEN SPIRAL. 

THE OTHER HALF OF THE CYCLE IS THE CENTRIFUGAL , 
EXPANDING, RADIATING MOVEMENT 
WHICH IS PRESENTLY EMPLOYED IN OUR TECHNOLOG 
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IMPLOSION: SECRET TO POWER MULTIPLICATION 

Within a spiral motion resistance is 
at a minimum in a "generative system" and 
therefore energy or motion finds 
expression to a high degree. To sustain 
and encourage motion in a system, we have 
to adapt apparatus or fit our machinery 
into the type of motion which expresses 
IMPLOSION. Implosion is the secret to 
power multiplication. 

LOOK AT NATURES VORTEX ACTION 

Let us look at observed vortexian 
influence in nature. All the intervening 
stages and manifold variations of the 
vortex formation can be discovered 
everywhere in nature, from the minute, 
microscopic and electric shapes and their 
movement, to the fully developed organ in 
all its detail, to the largest observable 
systems of galaxies. Our genetic makeup 
of life is stored and propagated with this 
spiral form. Our smallest biological 
units and simplest sea creatures up to 
snails, jellyfish and dolphins use their 
ppendages to create vortices for their 
movement. All creatures nerves, bone 
structures, auditory, digestive and 
circulatory systems are formed in spirals 
and operate in spirals. In the air, the 
mysterious flight of the bumblebee, 
hummingbird, and all birds is possible 
because they generate vortices and channel 
and control this turbulence. Even 
polarized fluids such as saps in plants 
and mountain water sources rise spirally 
to the tips of their systems. 

What has remained the most enchanting 
shape in art of the ancients and the rock 
artists of today but the psychedelic, 
pulsating, whirling spiral? 

OBSERVATION PAYS OFF Figure 3 

After many years of practical 
observation and investigation, hitherto 
unrelated facts began to fuse in one of 
those bits of intellectual fission that is 
called a stroke of genius. 

Walter P. Baumgartner, head of 
Energy Unlimited"s Research Team, known 
for "getting the facts", has built working 
evices for the theories of Reich, 
-jchauberger , Tesla, Russel, ouilt his own, 
and duplicated the work of many others to 
"find out the truth for himself" . 


LOOK AT NATURE * S VORTEX ACTION 



SHELLS GROW IN 
SPIRAL PATTERNS 



MARINE LIFE FORMS USE 
VORTEX PROPULSION 




FIBRES IN THE AUDITORY FIBRES AND FLOW OF 


NERVE ARE ARRANGED SPIRALLY BLOOD IN THE HUMAN HEART 
JUST LIKE A LIQUID VORTEX USE THE VORTEX PATTERN. 




AIRBORN SEEDS PROPEL WITH 
VORTEXIAN MOVEMENT 


THE PHASES OF WING MOVEMENTS 
CAUSE VORTICES AROUND BIRDS 
TO MAKE FLIGHT POSSIBLE 


j/T 

M 
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AIR AND WATER CURRENTS MOVE SPIRALLY AS THESE OVER 
WOODLAND AND AN OPEN FIELD AND IN THE WATER FUNNEL. 
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As publisher of "Energy Unlimited" (a 
quarterly magazine which has served as a 
clearing house for researchers to exchange 
ideas and information) Mr. Baumgartner has 
been sent many of the world's finest 
attempts at "free energy" and spent more 
and more time personally finding the merit 
or false hopes in these attempts. 

As a lecturer and educator, he lias 
provoked brain storming sessions on 
natural technology, sharing with others 
understanding as he gains it. He is a 
perpetual student. He knows there is 
reciprocat ing , perpetual motion and power 
he sees it evidenced everyday. "Can we 
deny the mysteries of water movements, 
birds and insects power, tornadoes and 
electricity; or can we help explain the 
common CAUSE these share? Why can't we 
apply these causes to our movements?", Mr. 
Baumgartner asks. 

Resulting from a study of Nikola 
Tesla's works in 1967, Baumgartner 

developed Tesla Turbines which are based 
upon the vortexian suction, IMPELLER 
Principle and are one of the ma-jor 

components of the current research. 


TESLA TURBINE 



TECHNOLOGY ADOPTS VORTEX 

In proving the power of th.s 
principle, Mr. Baumgartner came across 
others whose works have used and proved 
the valuable vortexian power. Tesla, the 
electrical genius of the 19th Century, 
used the spiral shape to produce the most 
efficient spiral coil transformer to 


multiply voltage astronomically. Vicktor 
Schaubtrgcr, the Austrian naturalist, 
imitate! the vortexian principle 
improve waterways and agriculture 
Europt and later to propel saucer crafts 
during World War II. Henri Coanda, a 
Rumanian who developed the first jet 
propulsion systems and furthered our 
aircraft industry along, constantly 
advocated and demonstrated vortexian, 
implosion, suction power, instead of brut 
force. Walter Russell, the great artist 
and genius of our century, showed the 
universal mechanics and called the vortex 
the "basic tool of creation". Dr. Hans 
Jenny has demonstrated that sound travels 
through its mediums in a spiral path. 
Other applications of vortex power are 
used in air purifiers, water purifiers and 
desalinators, muffler systems, atomizers, 
solar collector silos, waste disposal, 
mining extractors and even an 
orthodonist 1 s method to straighten teeth 

successfully. As more and more see the 
value of this principle, we will find the 
applications are endless. 

IMPLO WHAT WAS THAT WORD AGAIN? 

Implosion and Impansion are two term' 
which are little known today. They arc 
the opposite of explosion and expansion. 
While an upward temperature and dilation 
indicate expansion and explosion, a 
lowering of the temperature and 
contraction accompanies impansion and 
implos ion . 

Until now technology has recognized 
only one type of motion, the type which 
raises the temperature through friction 
and pressure. Chinese firecrackers, 

modern rockets. internal combustion 
motors, jet engines, the way we generate 
electricity, nuclear explosions are all 
examples of this pressure and friction 
explosion technology . 

LET'S COMPARE; EFFICIENCY, COSTS, 
ENVI RONMENTAL IMPACT 

An IMPLOSION MOTOR is in every 
respect the opposite of an explosion 
motor. When pressure and explosion are 
applied the particles they set in motion 
are often heated until they are white-hot. 
A so called heat barrier is produced by 
the resulting enormous friction resistance 
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jrces. One of the greatest problems in 
the space program, for example is how to 
overcome this barrier. 

In the case of the IMPLOSION MOTOR 
there is no heat barrier, no sound 
barrier, because with friction almost 
lacking, no heat is generated. On the 
contrary, due to the spiral contraction of 
the flowing medium, there is cooling and 
this creates a vacuum which INCREASES the 
suction pull and actually allows energy 
increase. 

An example: when nozzles 1mm in 

diameter are used, the flowing medium 
detaches itself, when its rotation reaches 
1200 rpm, from, the walls of the spiral 
channel and its flow rate rises to 
approximately 1290 m/s ec . This 

corresponds to nearly 4 times the speed of 
sound. 

In an implosion engine having a 
diameter of 1 meter, the lower surface of 
a suction rotor measuring slightly over 3 
meters with 600 outlets installed, and 
'ith the rotor turning at the rate of 1200 
pm, the lower rotor shaft could be 
supplied with some 10,740 HP in the form 
of a cyclone-like projecting or lifting 
force. Such an engine output exceeds even 
the present possibilities of a nuclear 
engine. 


A comparable nuclear engine with a 
reactor .9m long, .6m wide, and. 9m high, 
while smaller than the above mentioned 
IMPLOSION MOTOR, will have a capacity 4000 
HP lower. Furthermore, the nuclear 
reactor will have to be surrounded by tons 
of screen in hopes to eliminate at least 
part of its deadly radioactive emmissions. 
The cost to run the reactor will be 
tremendous. The IMPLOSION MOTOR runs on a 
small quantity of water or air 
uninterruptedly. Another advantage is 
that the implosion motor runs noiselessly 
without smoke, exhaust, fumes or danger. 
The implosion, suction, hydro turbine once 
started draws in water without further 
assistance and therefore requires only a 
fairly shallow basin for inflow and 
outflow . 

Water consumption being equal, the 
power output of suction turbines is 
700-800 percent higher than the power 
output of the compression turbines. 

HOW IS IT PUT TOGETHER? Figure 4 

See the diagram for the basic 
features of "Energy Unlimited’s" IMPLOSION 
MOTOR. It is a combination of the Tesla 
Suction Impeller, Coanda ‘ s nozzles for 
vortexian current production, and 
Baumgartner ' s design to hold the vortexian 
envelope around the body of the motor. 
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This motor can be modified to accnnodate 
water or air propulsion or permanently 
mounted for power generatioi and 
mul t iplica ti on . 

THE OSCILLATORY CHAMBER 

A further exciting application of 
this vortexian power principle is } lanned 
for the electro-magnetic medium. "Energy 
Unlimited's" Research Team has wo. ked in 
the field of Magneto-Hydro-Dynamii s (the 
science of the generation and com rolled 
flow of a field of charged particles). 
With the recent discovery of "The 
Oscillatory Chamber" by Dr. Jan Pajak, the 
team and Dr. Pajak are researching a 
device which will begin this mechanical 
spin in an electric vortex. 

The name "Oscillatory Chamber" is 
given to a principle of magnetic field 
production which employs the effects of 
the oscillation of electric sparks. These 
sparks circulate around the internal 
perimeter of a cubical chamber made of an 
electric insulator and filled with a 
dielectric gas. The four segmented 
electrodes joined to the inner surfaces of 
opposite walls of this chamber perform 
alone the function of two oscil latory 
circuits with a spark gap. The 
appropriate formation of mechanisms of 
oscillatory discharges occurring i . both 
these circuits achieves: (1) the formation 
of circulating electric sparks which 
produce a bipolar magnetic field; (2 the 
elimination o f electro magnetic rorces 
acting on th^ structure of the chimber; 

(3) the absorbing and bonding of the 1 
energy initially supplied to this device; 

(4) the elimination of conversion of 
energy int- nevit; md (5) the chanelling 
of the destructive co:. sequences of the 
accumulation of huge electric charges into 
the desired direction. As the final 
result of such a formation of the 
oscillatory chamber, this device will be 
able to raise the value of a produced 
magnetic flux to a level unlimited by 
theoretical premises. Read more about the 
projection of Dr. Pajak's powerful system 
applied to man's greatest desire "free 
propulsion through our immediate mediums 
and the ratified mediums of space" in 
MAG NOCRAFT - "Energy Unlimited’s” latest 
publ ication . 


ENLk ' UNLIMITED IS HERE AND WE ART; 
HE U luC BRING UNLIMITED ENERGY TO ALL! 



TRY IT YOURSELF : 

THE EGG SHAPE GIVES RISE 
TO A FORWARD OR UPWARD MOTION 
AGAINST THE MAIN STREAM. 

AS SHOWN IN THIS EXPERIMENT 
THE EMPTY EGGSHELL WILL 
MAINTAIN ITS POSITION 
AGAINST GRAVITY IF KEPT 
CENTERED BY A THREAD . 


Integrated Gasification/Combined- 
Cycle Plants 

History and Description of the Industry 

The integrated gasitic ation/combmed c vc it' 
plant UGCCi is a relatively new combination oi 
components- pasiners, gas turbines, and steam 
turbines — w hich themselves have been around 
in some torm ior a long time. Steam turbine-, have 
been u^ed to generate electrical power since 
MTU) m the United States, and now are u^ed to 
generate more electrical power worldwide than 
any other technology. 
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A Reprint Fron7~ffiHESPnTLjGHT 


YOU CAN 
TRUST . 


Tesla’s Turbine 


Technology 


Now a Reality 


The National Spotlight, 


By Tom Valentine 

C. R. Possell is a doer. Where 
others have talked and mused, he has 
built hardware that works. And 
Possell’s story finally looks toward a 
happy ending despite Big Brother- 
style suppression and unimaginable 
corporate and bureaucratic ignor- 
ance. 

More than 20 years ago, Possell in- 
vestigated the “myth” of the “Tesla tur- 
bine,”* and his innovative genius, like 
that of the great Nikola Tesla, ran into a 
brick wall in the form of the big busi- 
ness/big government partnership. 

However, perseverance seems to be 
paying off. 

“The Navy has granted my company 
a contract,” Possell told The SPOT- 
LIGHT in an exclusive interview recent- 
ly. “And now maybe we can show the 
world what Tesla had in mind back in 
190V.” 

The Navy contract is for Possell to 
build a geothermal electrical generating 
station on the Navy base at Fallon, 
Nevada. “Geothermal” refers to hot 
water and steam within the earth, as in 
geysers. Old Faithful” at Yellowstone 
National Park is the most famous exam- 
ple of unharnessed geothermal energy. 

•A turbine is simpl> the ancient principle ot the 
water wheel, brought up to modern-day speeds 
and power. Possell is an expert on turbines, having 
formerly worked for several conventional turbine 
companies. 


“This project will put all my Tesla 
turbine and pump technology on the 
map, where it belongs,” Possell mused. 

But Big Brother’s partners do not sur- 
render their suppressions easily. The 
granting of the contract brought a pro- 
test from big business interests. It was 
argued that Possell’s company was “too 
small” to finance and handle the con- 
tract properly. The protest placed more 
hurdles in PosselPs path, but persever- 
ance is Possell’s long suit, along with his 
superior technology. 

OPENS A FLOODGATE 

Geothermal energy is tremendously 
abundant, and Possell’s particular tech- 
nology opens a floodgate that could very 
well render nuclear, coal and oil fueled 
electrical generation facilities much less 
attractive. While this is a negative for to- 
day’s power structure, it could mean 
energy salvation for the world. 

“The big oil companies know all 
about geothermal,” Possell pointed out, 
“and they nave moved to buy up as 
much of the obvious potential as they 
can.” 

Chevron, for example, has purchased 
thousands of the best potential geother- 
mal locations. However, insiders among 
the Big Oil firms have leaked informa- 
tion many times that the oil moguls have 
long-range plans drawn up that indicate 
they intend to exhaust oil and coal re- 
serves first, before allowing geothermal 
to expand to its true potential. 

An official of Phillips Petroleum in 
Bartlesville, Oklahoma, who requested 
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anonymity, told The SPOTLIGHT: 
“Our company has a 250-year plan, and 
geothermal isn’t part of the program for 
at least 35 more years.” 

Possell considers geothermal nature’s 
best source of energy. “There’s more 
practically free energy bubbling up from 
within the earth than the Earth needs,” 
he said. “It’s readily available around 
the world; and, if we had to, we could 
dig down and tap it just about any- 
where.” 

The technology for generating elec- 
trical power from geothermal has been 
around for 90 years. The first facility (in 
Laradello, Italy) has been producing 
since before the turn of the century. 

EFFICIENT AND CHEAP 

“My turbine and pump technology, 
which was inspired by Tesla’s original 
turbine, is patented around the world 
and makes geothermal electrical genera- 
tion more efficient and economical than 
any other source,” Possell added mat- 
ter-of-factly. 

It has been a long, arduous journey 
for the “bladeless turbines” first 
dreamed up in the ingenious mind of 
Tesla back in 1909. 

Tesla, the “father of alternating cur- 
rent,” was such an inventive genius that 
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today a virtual cult has grown up around 
the mystery of his life and work. 

There is no doubt that history books 
deliberately obscured his achievements, 
and many people today believe much of 
his technology has been spirited away by 
monopolistic powers that desire to con- 
trol technology to suit their long range 
goals. 

LOOK MA, NO BLADES 

The physics of electricity was Tesla’s 
particular realm. But, in 1908-09, he 
took time to apply some thought to 
mechanical engineering. He designed 
and patented the first bladeless turbine, 
which evolved into a device of mythic 
proportions. The Tesla turbine is prob- 
ably the most innovative engine scheme 
ever to be ignored, yet virtually canon- 
ized as legendary at the same time. 


“Although Tesla’s original ideas were 
clearly delineated in his patent applica- 
tion,” Possell explained, “his invention 
had become nothing more than a term 
paper project used by a few college pro- 
fessors. Students would do very good 
analytical work, but their hardware was 
poor in quality, and the models in- 
variably failed to perform as predicted 
by the analytical papers.” 

Possell’s lifelong specialty has been 
reducing paper ideas to practice — mak- 
ing drawings into viable hardware. He 
was a young engineer more than 20 years 
ago, when he decided to make a model 
Tesla turbine. 

All conventional turbines have “buc- 
kets,” which is what the fan blades are 
called (in reference to the water wheel). 


But the Tesla/Possell designs do not 
have buckets— they are bladeless. 

USING THE DRAG 

“Tesla considered the problem known 
as boundary layer drag, 1 * Possell ex- 
plained. “When a plane goes through 
the atmosphere, a thin layer of air sticks 
to the surface of the wings and body. 
Planes could fly 40 percent faster if this 
boundary layer of dragging air coy!'* 
removed. Tesla, genius thai ne was 
thought that such a phenomenon could 
be used by turning the unwanted concept 
around 180 degrees.” 

Tesla designed and patented a turbine 
that used the boundary layer drag in- 
stead of buckets. Possell brought Tesla’s 
legendary design to life. His hardware 
proved that Tesla knew what he was 
talking about. The bladeless turbines are 
far less costly to make and main- 
tain— and, in many cases, are more effi- 
cient than conventional (bladed) varie- 
ties. 

“The first thing anyone needs to know 
about modern turbine technology,” 
Possell added, “is that the energy stems 
from heat, not pressure. Working with 
the hieh temneratures necessary for effi- 



NiKOLA TESLA 
His theories become reality. 


Standing by one of his smaller industrial pumps, Jake Possell proudly announces that 
his hardware can pump boiling water (making it safer for nuclear power plants) and 
numerous materials without the wear and tear of cavitation and “water hammer.” 





9Qicnc> poses material and design prob- 
lems (hat drive the cost up. It has taken 
millions of man hours and probably a 
trillion dollars to arrive at today’s effi- 
cient jet aircraft turbines.” 

To explain what he meant about heat 
being the key rather than pressure, 
Possell illustrated: ‘‘If we had a 

hypothetical steel sphere and somehow 
bottled 20,000 pounds of pressure per 
square inch inside of it, and we had a 
pressure gauge attached, the gauge 
would drop immediately once a pinhole 
released the cold pressure. 

‘‘But if that pressure was superheated, 
it would take a long time before the 
pressure gauge would start going down. 
The equation is: ‘BTUs** equal horse-- 
power,’ not ‘Pressure equals horse- 
power’.” 

Possell added that a dramatic example 
of this fact of energy was brought home 
a few years ago when he served as a con- 
sultant to a firm that wanted to consider 
the electrical generating capacity of 
geopressure zones. Geopressure zones 
are not geothermal — there is tremendous 
cold pressure buildup, which may be 
dangerous to oil drilling equipment, but 
it isn’t heated pressure. 

“They didn’t want to accept my 
analysis that the megawatt output of ah 
that pressure was surprisingly low. Bui 
I was right, and the project was 
dropped.” 

So, the problems of high temperatures 
and turbines make such engines extreme- 
ly capital intensive. No wonder, then, 
that the Big Brother partnerships of 
government and business so easily mon- 
opolized the turbine-essential industries 

“However, with bladeless turbines,” 
Possell stressed, “the engineering prob- 
lems are much more easily solved.” 
MAJOR COST BREAKTHROUGHS 

For example, without the intricacies 
of bucket design, materials could be 
used that withstand far greater tempera- 
tures, and therefore put out far greater 
efficiencies. 

Possell accomplished this major cost 
breakthrough in turbines nearly three 
decades ago. His first models were 
amazingly efficient, and he obtained a 
military contract to develop an expenda- 
ble bladeless tui' 

However, working with the military- 
industrial complex power brokers had 
certain drawbacks. Possell had observed 
r he suppressive might of the power 


* * A UriiUh Ihtrinai unit, ur BTU, is i)u quanti- 
ty u | required lo raise the itui^eraiure of one 
Itt.uiiJ uf vater b> one decree frahnuheit, at or 
n v a r 3*. 2 degrees F. 


brokers when he witnessed the destruc- 
tion of John Northrop’s revolutionary 
“wing” aircraft. Suppressive, 
monopolistic politics, not failed techno- 
logy, resulted in the destruction of flying 
wing technology and hastened the death 
of Northrop. 

“I put my gas turbine technology on a 
back burner and turned my attention to 
pumps," Possell said. 

Today Possell manufactures bladeless 
pumps that do not suffer the engineering 
design maladies of all other pumps. The 
boundary layer principle lowers costs, 
raises efficiency and obviates wear and 
tear. 

“Bauxite (aluminum ore) is the tough- 
est stuff imaginable,” Possell said, “and 
standaid pumps are worn out in a few 
weeks/ time. One of our pumps has been 
moving bauxite for 10 months so far, 
and the wear is minimal. ” 

Enter geothermal and today’s elec- 
trical generating technology— a techno- 
logy for which Big Brother wants the 
consumer to pay more and more (SPOT- 
LIGHT, Nov. 28). 

“Since bladeless pumps avoid cavita- 
tion (wearing away of metal by the ac- 
tion of water), we can pump boiling 
water at atmospheric pressure. No other 
pumps can do that. It’s a vital factor in 
geothermal, and also in nuclear generat- 
ing facilities.*’ 

AVERT MELTDOWNS 

Possell explained that the Three-Mile 
Island shutdown became a near melt- 
down disaster because the cooling water 
pumps could not continue the water cir- 
culation once the temperature rose too 
high. 

“Even though they shut the nuclear 
reactor down,” he said, 1 “the cooling 
water was needed to eliminate the 
residual heat. But the pumps couldn’t 
handle the high-temperature water and 
lost their prime.” 

Possell added that he is working quiet- 
ly at this time with nuclear authorities 
to provide his pump technology to the 


A-plant design “arsenal.” 

However, with geothermal coupled to 
PosselPs bladeless technology, the radia- 
tion danger inherent in nuclear plants 
need no longer be an issue. Geothermal 
is cleaner, cheaper and abundant. 

“The godfather of geothermal, John 
Carlo Facca, has pounded his fist for 
years trying to tell utilities that the 
energy within the Earth is virtually 
free,” Possell added. 

Essentially, the actual energy bub- 
bling up is free, and the costs need not 
be astronomical to harness it. 

“Tests with our bladeless turbines in- 
dicated up to 60 percent more shaft 
horsepower can be achieved by using a 
mixture of hot water and steam, coming 
up out of the ground. This is really 
amazing to many engineers, because 
bladed steam turbines cannot tolerate 
water at all. 

“We can drive the dynamos directly 
with total effluent geothermal without 
the expense of cleaning up the steam, 
and we do it more efficiently.” 

- And, he could have added, bladeless 
pumps and turbines may be built for 
about half the capital cost pf the others. 

Possell has explained all this to 
various firms, utilities and government 
agencies for more than 15 years. His 
first patents were issued in 1966 and 
have been continuously updated ever 
since. All his perseverance has been 
needed as he encountered negligence and 
apparent complicity and conflict of in- 
terest at high levels. 

“I’ve been patient, and I’m not trying 
to bring the established houses down. The 
system isn’t threatened by my tech- 
nology, just streamlined,” he said. ^ 





Possell Hludeless Process Pumps use rotor discs 
instead of impellers or blades. As pumped fluid 
enters at the center of Lne discs, boundary-layer 
drag on both sides of the discs imparts energy, 
and the fluid moves in a spiral path, discharging 
into a diffuser outside the case. There is little or 
no impact on the discs themselves. . .thus vir- 
tu u 1 1 v no erosion. Absence of internal static 
pressure (the pump works only on the pumped 
material's velocity) puts minimal pressure 
against the seals, insuring longevity. 





Here s How It Works 


Engineers with excellent creden- 
tials can look at the “bladeless tur- 
bine” and disbelieve. So it’s no easy 
task explaining exactly how and why 
it works. 

The turbine was first conceived by 
Nikola Tesla in 1909. In 1966, C.R. 
Rossell patented his innovations on the 
concept of bladeless turbines and 
pumps. 

The idea of a fan or turbine working 
without blades is so foreign to standard 
turbine thinking it’s no wonder Possell 
was forced to persevere through more 
than 20 years of entrenched dogmatism 
telling him it “can’t be done,” while the 
device was already functional. 

The accompanying photographs will 

help the explanation of just how the tur- 
bines and pumps work. 

The photo above shows a prototype of 
the interior rotor for a Tesla-Possell tur- 
bine. It appears to be merely a wide disk. 
But it is actually about 20 very thin 
disks, held a few hundredths of an inch 
apart from one another. The purpose of 
this design is to utilize the “boundary 
layer turbulence,” or “drag,” that 
always causes air to cling to moving 
metal. 

“The shear plane between the boun- 
dary layer of air molecules and the metal 
is measured in thousandths of an 
inch— 0.002, for example,” Possell ex- 
plained. 

“In all turbines, including our blade- 
less models, a nozzle or series of nozzles 
directs the heated fluid or steam directly 
at the blades,” he added. 

But there are no blades. 


To understand what the invisible 
blades are all about, it’s best to first 
understand standard turbines. 

“The initial push against the blade in 
a standard turbine is called the impulse, 
and on the opposite side of the blade 
there is a suction pulling at the same 
time, called the reaction. A bladed tur- 
bine is literally trading temperature and 
pressure for velocity.” 

Standard turbines are known for high 
rpm and power. 

“The bladeless turbine obtains the 
same energy tradeoff, w ith amazing effi- 
ciency, by accepting the nozzle-directed 
heat and pressure art the edge of the 
disks, then having the boundary layer 
turbulence spin the disks and transfer 
the energy inward and downward, in a 
helical configuration, until it exhausts 
out the center.” 

In the photo above, Possell’s index 
finger is poked into the exhaust port. 

However, need to explain his ex- 
planation. 

A “helical configuration” h a helix or 
spiral. The energy potential inherent in 
the spiraling motion is exemplified by 
the vortex of a tornado when it touches 
down. 

In the left photo, Possell is shown 
standing by one of his geothermal test 
turbines. The piping front the center of 
the large disk housing is the exhaust. If 
this were a bladeless pump, the process 
would be reversed — the exhaust pipe 
would be the inlet port. 

Materials to be pumped are literally 
drawn up from the center of the disks 
and spiral, d out the top edges. 

“The thin boundary layer does an 
amazing amount of work,” rossell ex- 
plained. ¥ 
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9bevel&p,ment <£ Mani^aciurinc^, 9nc. 

--27-S-SOUmRANG+HO-AV^-NUE-r-COLTON, CALIFORNIA 92324 • TELEPHONE (714) 825-5882 

555 BIRCH COURT, FAX (715) 825-5911 

November 17, 1988 

Luther Rangely 
P. 0. Box 1574 
Grass Valley, CA 95945 

Dear Mr. Rangeley, 

Thank you for your letter of November 8, 1988. My company designs and 
builds turbines based on Tesla's Boundary Layer Drag principle. How- 
ever we have our own patents on "Bladeless Pumps and Turbines" since 
Tesla did no development work on his original idea which had very low 
efficiency. Since, we only build to order, I cannot give you any gen- 
eral information except that our turbine are approximately 1/2 the cost 
of our competitors and generally have higher perofrmance due to the 
unique configuration of our design. 

I am enclosing photos of several units we have built for other people 
to show their simplicity and small size. 

Thank you for your interest in our equipment. 

I don't know anything about Tech Developments air turbines or their 
price. If you have a solid requirement we would be happy to bid on 
your specification. 

Very truly yours, 



C. R. Possell 
Chief Engineer 

A.D.M. 
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I brought a little device with me that I hope you can see from where you are Hand held 180 Watt turbine. Note: Spark, plug is mounted on compressor section 

sitting. We built this for the US Navy during the Korean War. I can’t tell for storage. For operation it would be mounted on burner-can ( vertical section). 



98 


or 

a ° 

c tr 

c Cd 


c -c 

p X. 

Cd y; 
C- cd 

t rt 

® or 

w £ 

E .§ 
a p 


ex ex. 

E .E 

- f 
p E 

^ £ 


■S 5 

c c 

3 p 

c > 

X 3 


o 

o 

3 

■8 

i— 

o~ 

o 


3 

C 

§ 

O 

£ 


p - 


c 

x 

£ 


c 

p 

eX 

a 

x 


w cd 


x >, r- 


X p 

C3 

P 

g I 

£ tt 

o £ 

cd o 

te 
£ . 
r/t ex 

g c 

cd •— 
P 0 

>> c 

o -5 

x p 


5 -5 
br* 

O 7 
> ^ 
p >, 
x X! 
£ -a 

or P 

>* tr 

t % 


3 

Cm 


cd 
o 

P ,3 
or { — 


5 cd 
g > 
p ^ 


c 

p 

fc 

p 



u 

3 

x 

c 


•- X 

■g « 

3 u- 

C3 q 

x p 

O U 

p Cd 
& a 
o y 


OT J* 

o cd 

e r 

c ^ 

p 


or 

X 

c 


p 


X 

3 

p 

P 

IE 

E 

> 

cd 

> 

p 



p 

O 

t 

£ 

£ 

£ 

0 

cd 

3 

ex 

P 


. 

X 

ex 

u. 


3 

3 

G 

3 

X 



tr 

P 

*cd 

cd 

p 


£ 

cd 

X 

£ 

b 

P 

X 

e3 

c 

tr 

C 

cd 

X 

p 

X 

Cl 

p 

X 

cd 

X 

3 

P 

E 

p 

cd 

> 

p 

3 

cd 


or o 

£ £ 

^ C L 

£ cd a 

- e * 
ff 2 2 L 
Id 

w ; P 

c 

p 


cd 

£ 

O 


o 

cr, 

u. 

3 

C 

P 


p 

x 

3 


>, 

Wi 

u 

P 

c 

o 


"E cd 
p 

W *C 

8 d 

*x jd 

71! P 
C u- 

g © 
= £ 
c — 

b - 

.r a 

* i 


< ^ ~ 


p 

£ 

X 

P 


“ c 
^ c 


p 


£ 

X 

c 

1/7 


or cd 
w or 

s 

c 

p 

X 

6 * 
ex >^ 

jd *3 
o - 

w CJ 

5 2 
o 


C3 


cd 


>, cd 

ex x 

I « 

g » 

e 5 

C 

E ^ 

3 •- 
X ' 


c 


c X 5 

1 *•« 

B P ra 

err 


7T 

C 

cd 

13 

> 

o 


Cd 

O _ 

.tr 


c 

5 

c 

cd 

u 

o 

cj 

> 

c; 


o 

c -c 
^ 3 


ex 3 

c ^ 

p 


o 

13 

y: 

Cd 


X 3 
cd X 

E 5 

U ^ -o 

cd o 


- c - ^ 


JX 

o 

cd 

X 


o 

13 

c 

3 

cd 


C 

>. s 

EP E 

O ^ 
C G 

o c 


ex H 

3 *£ 
CJ _ 

ex o 

= t 

3 
O 

u 
C 


K 

o 

o c g 


t r 

CJ 


.X o 

or > 
~ cd 

E v: 

•S t 

3 w 

cd 

Cd F 


x CJ 

X ° 

3 | 

S ^ 

I ^ 

o 2 

> X 

■-• E 

X o 

W f— 

cd X 

£ x 

X c 
a > 

E o ■ 

3 o 


E- c 


d £ D 


o 

E 


Cd 0 

X ^ 
a 


cd =d «— 


X > .^ x 


X £ 
o cd w 

3 ex 
.5 .E t> 
E | x 

3 X rt 

,cj tr — 


3 E 

3 c 

x a 

f « 


>, 

3 

cd 

cx 

£ 

o 

CJ 

i— 

3 

C 


3 

cd 


X o 

or 

© 'S 

^ CD 


E £ 


o 


3 
3 X 


a 

£ 

o 

* 

o 

or 

3 

cd 

CD 

O 

X 

o 

r3 

’3 

p 

u 

C- 

Cl 

cd 

3 

cd 

o 

3 

C 

>, 


^ cd - 


X 
u O 

£ > 
p x 
x .£ x 

^ o -S 

£ — X 

a ^ * 

E E X 
C £r p 
p £ £ 

38 = 

c5 ^ x 

C p ^ 

c .S 8 

% 2 
S ‘5. X 

cd 3 w 

> P c 

> «- pc 


X 

o 


X 


3 

G 

P 

P 

£ 

*__> 

cd 

X 

X 

3 

cd 

or 

P 

3 

o 

I— 

p 

ex 


x 

X cd cd 

C. 1 o 

5 § o 

■%%% 
c c 3 
« u 5 

6 X >* 
cd w 


X P 

X _r- 

P X 


A E 

j or w 

P cd *0 
C cd 


*C 


or 


X O p 
0 X X 

ex cd c 

■§5 2 
E 9 

cd 3 


cd 


p 

g E 

ex c 


ex 

3 


G 

X 

3 

12 

or 

cd 

£ 


S F 


c 

X 

cd 

X 

P 


or c 
cd i= ^ 
u or £ 
cd rt 

or cd X 

l£ E 

c— o 
0 X 

g •-* p 

C p . 

g g ■g 

P X S 

f ij I 

£2 '§ 

•o y E 

c 5 o 

3 X 

C C 3 
X G 3 


o w £ 

•* E f 

0 X Cd 

% E -o 
£ g x 
r< 6 g 

p n 
3 £ £ 

c g C' 

^ tr c 
>> o *- 
2 a £ 

ir E « 

=o o E 

> o « 

or 

n O “ 

or 3 

H E 

c 
u 

p 
X 


p 


. cd 

i ^ 

E 

P — 

x CJO _ 
« 3 g 

E 

X P 

; c ^ 

U- G 

3 ^ 

C 


ex 

3 


£ 

cd 


cd 

X 


o *x 

C X O 
3 £ X 

o c 

aE H. 


c 3 

1 g 

a c 

> £ 

-£ ^ 
x • — 
u 

£ p 


C X 

.5 8 

o M 

ex cd 

X p 
3 X 


£ P P 

§ * E 
•£ «r ^ <« 

I 


P 

3 


Cd 5 


“ o c o 
•ir U 

c 


P 

cd 

X 


ex 


p 


x 

jj 

X 

E 

c 

p 

p 


p 

E 

3 

x 

K 

P 

cd 

X 

P 

X 


3 C 
O ^ 

or 

P £ 
3 O. 

15 £ 
~ => 
£ ci 

J— 

g. ^ 

c « 

T3 g? 
X 

P 5 
0 5 

X G 
p -£> 

£ o 


cd 5 

a- •- 

.iz or 

3 O 

3 0 .- 

o re .3 
■ 5 . 0 -S * 

c u- O ^ 

O 3 g 

- = £ ci 
-5 ^ cd x 

r- £ P C 
•5 X > Cd 

g X ^ X 

— 3 rA* 13 
P O ^ X 

£ p Cd 

o — p £ 

w Cd >,£ 

3 •£ p x 
5 x u 

X or 33 3 

cd Cl u. 
or g O P 


*5 

io 

C I 
.0 s 


p 

X 


e o •§ 2 
£ Sr £ c 
c o h *" 
re £ 8 ,-g 

rj cr p 

S CO o 5 

i-|^o 

| 5 | “ 

5S > >, S 

3 P 3 
cd X cd £ 
cx r- a. > 

§ -x ^ 13 

S ^ S £ 


p 
X 

X 
3 
cd 
or 
.£ 
c 

cd 
Cl 

E 

c 

p 
u- 2 
p 3 

£p o 

cd X 


3 

P 

P 

3 

O 

X 

p 

> 

cd 

X 


<T 
$U 

•S h 


P 

u. 

cd 

E 

P 

X 

or 

P 

3 

€ 

3 


x c 


C 

ex 

cd 

cd 

P 


-C 
k. 

J2 

h, 

cr 
Q 

O 

S £ 

* 

^ cr 

^ P 

? c 

S! 5 


_P _ 
cd . 

* oO 

1^1 

p cd 

£ C £ 

^2 o 

15 '5 

c £ .E 

®!?5 

K 5 E 


*0 p 5 

>. 3 or 

^ IE 


3 3 


or cr 
P 
Cl 


5 

4i 

s 

ft. 


E 

E 

cd 

E 

o 

■s 

£ 


o 

• = tc 

S 2 “ 

3 £2 

££S 

p 3 ^ 
® o w 
cr >, X 

Cd tX, 

ex x .it 

p u 
p > • 

£3 o ^ 
E -g | 
j* ~ t- 

•x 

X < SJ 
3 . cd 

cd or X 
or P £ 

2 .E S 
.E x — 
X £ x 

X 3 o 
P 2 '3 



99 


p « 

E c 
B IE 

CO 

*D v: 

c 

o 

o 

o 

.5 g 

<2 2 

•S 

C-3 

Cu 

o o 

SZ £Z 

w> — 

c3 

o 

o 

v: *0 

- 2 
r3 

x: c 

■£ C3 


o c 2 
oo - E 

•o—o 
o £ o 

p, 

r o ^ 
_c ^ d 

■te t c3 


o c 
-5 — o 

~ c <z 

cj ^ ■ »— 


f? w 

*o b ^ 

O U. C 


w <n 
U C ^ 
TP .3 ^ 

° CO O 

o c *o 

v o rt 
p. a ^ 

r x: w 

3 — xp 

a T2 o 

ei C i— 

3 3 0 


s 

u 

a 

o 

Til at 

O 

c 


cj 

to 

g 

c 

c 

TO 


o 

o 

TP 

o 


e 


° | 5 

I 1 '5 

1 | 8 
o E = 


TO "o 

5 t - 

s I ii 
fs? 

TO — W 

> O TJ 

O » « 

5 ’£ o' £ 

J to xp 5/1 
x: * eg 

o o ^* 

O 

o > z 

.3 >*• ej 

too 3 £ 
§ 1 2 
c §■! 

> ^5 

^ O — 

to > ^ 
C Cl o 

£ s .£ 

w V, XS 


.SP ex 6 

a Op 

£ O S 

jg o o 
5 73 m 

o o £ 

w u E 

3 £ -2 
■n C 


o 

*o 

TO 

c 

CO 

o 

a 

£ 

X) 

c 


o 

2 

TO 

c 


CO 

o 

> 

sz 

o 

2 

TO 

c 

‘C 

X 

Vi 

E 

o 

c 

o 


c 

u 

o 

V. 

V. 

c 

K 

E 

IS 

t- 

o 

o 

r* 


o 'O *a 
a *j o 
o J2 -n 
c c ^ 

0 o = 

1 -s e 

.a o ? 


c/i 

Vi 

E 

TO 

* ^ 

TO 

o 

TO 

c 

o ^ 

Vi 

l— 

Vi 

o. 

TO 

o 

c 

o 

E 

H 

O 

J* 

•o 

•£ xp 

o 

JP 
*— » 

o 

Vi 

2 

TO 

s 

o .£P 

c ^ 

XP 

w 

c 

u- 

o 

XP 

TO 

5 

TO 

Uh 

c 

Vi — 

O O 

— » 

4—1 

U 

TO 

Vi 

t/i 

o > 

CO ’d 

TO 

•—» 

c 

O 

TO 

o 

P3 

*5 

pt 

2 

£ 

"o 73 

TO C 

o 

to 



a 

-Q 

TO 

c 

o 

c 

o 

sz 

4—1 

TP S£ 

3 


"Sc 

73 TO 


o -o “ 
> o *5 

SZ E 3 

.SP g E 

X- r > t/j 


b 

XP 


O 

> 

_c 

Vi 

*3 

TO 


O 

TO 

> 

TO 

•5 

CO 


t— H 

c 

o 

o 

£ 

3 

O 

3 

C 

vi 

V. 

TO 

E 

Vi 


o 


C 

XP 


c 

o 

o 



c 

c 



P 

> 

s 

u. 

o 


3 


o 

4—* 

o 

o 

u 

o 

4—» 

u 

o 

£ 

g 

u 

3 

5 

O 

> 


c 

o 

"to 

£ 

c 

vi 

Js 

TO 

4—) 

TO 

5— 

V 

c 

s= 

’§4 

2 

c 

Vi 

3 

O 

CO 

c 

a 

x: 

u 

2 

* 

Vi 

6 

’5 

c 

0> 

O 

4—* 


2 

E 

o 

£ 

c 

o 

c 

2 

c 

TO 

o 

V 

e 

? 

2 

TO 

i 

to 

.5 

O 

*- 

3 

G 

c 

3 

TO 

a 

2 

u 

c 

c 

Xj 

4— * 


o 

•o 

V 5 

c 

TO 

O 

O 

o 

E 

2 

g 

— j 

o 

3 

X* 

O 

TO 

o 

*— 1 

•5 

vi 

— • 

5 

2 

■o 

*o 

o 

c 


TO 

4 — > 

XP 

TO 

u 


1 

> 


^ o -- 
i x= > xp 
o > £ 

pop 

^ x r 

i *■ 

O ,c u 

e y « 

.£ .5 o 

77 ^ nj 
O C w 

•E o - 
^ >> 2 
ra fe o 

•O 5 c 

c = r y 
H c O 


1 g S 
1 1 1 
73 2 a 
c § ^ 

rt £ 


1 ^ H o 

Vi ys 

« u: o 

• - O ^ 
3 O to 
a* © t/: 

, ?MN C 

'f 3 2 
coo 

O X 5 O 

ts C3 - 


u V5 c 

>> o ^ 

CO £ ^ 

g € S 
g a -5 


° ^ ra 

E X 

^ Xi ^ 


Cl 


O 

V 

• 

O 

3 


c 

Vi 
r i 

u 

d 

£ 

TO 


£ 

TO 

O 

C 

V 

TO 

> 

2 

Vi 

vi 

vi 

to 

c 

O 

r= 

g 

u. 

O 

C 

g 

2 


c — 

C3 t— 
? ° 
.a ■§ 

CO C 
C3 3 

E o 
c o. 

« c 

Is 

IS 


*j ^ E 
c ^ o 
£ o w 

K U 5 

^ P c 

8 s a 

j* xc C 


SL g :g 

*5 « 2 

o pp o 
^ 


C *3 

vi x 3 
■O o ? 
C c o 

at! 


s i c 

^ — • cC 
^ C CO 
O .c: rt 


5 <C b ^ 

« C > 

o * £ .£ 
c P O C 

g b c "o 
C W o — 

° f e « 


< £ c. 



100 


1 

2 8 . 2 


3 S * £ o 

1 ? 'r 2 o 

,2 C X5 J? r y 

d a o ^ d 

1 2*1 fe 


= 5 M e 

.2 re c /2 ,*5 
2 x> jr >> 

S J I * 


I 3 O 

lil 

^ o w 

0 _ I- 

1 £ 
-I » E 

03 o CJ 

K .S - 

S •£ £ 

2 2 •= 

^ c 
C <■> d 

E T3 £ 

<L> 03 fc- 

— S 2 

« JS 2 e« 
c £ d 
• »— re — • 

CJ G *£ 

! =§ l 

>1 °.g 

o © «e 

•1 2 2 
2 O. 2 

SS w 

o o c 
g C E 
^ -S ° 

p .2 > 

2 d 05 

•£ u d 

si* 

o o 

1 11 


C/2 t/2 C/2 < 

2 CO p 

^ 7= 2 

c o i- 

3 E g. 

3^E 

E -g a 

< N 

• Z C 

5 d a 

c -g » 

5 ^ 5 


is > « 

0 t> > 

c c ^ 

1 j? 1 

-n T 2 CT 3 


»- > a 

0 X ^ 

1 = 3; 

° | * ■ 

§ I ? 1 

c ^ rt 

o3 P u 

5 § 8 

u. g.*a 

2 E £ 

d o ^ 

It 3 & 

6 g> .2 : 

^ u3 w ' 

^ C3 

C /2 £ O 

•- Sv O ' 

r~ b0 > 
tJ W ? 


c ^ ? 
2 • o 

§i* 

Cl £ . 

C JC c 
0-0 



c 

03 

6 

c 

t— 

E 

L, 

c 

£ 


+—J 

CUD 

03 

c 

C 

03 

o 


C/2 

cx 

' 03 

o 

c^ 


3 

_c 

TD 

O 

CUD 

c 


c/5 

* ' a 
" C 

3 & 

o3 Cu 

' C/2 03 

■g- 5 ' 

O 03 
C/2 

CJ CUD 

1 C C 
O •= 
d *£ 

, g. « 
re C 


5x2 
C — o 

f J= £ 

“§l 

C/2 — ' L- 

*- CJ 3 ' 

d > o 

CJ J> u- 

2 o 

^•Sl 

CJ u. c /2 

.2 S .5 ' 

•P O. o 
5 aZ 

§ S £> 

•sl _• 

a J? § ■ 
-a *a ^ 
■i: o o ' 


o *o 

.£- 3 
a* o 
1 <— < u 
o e 

8| s 

'e-'l 

03 tUD 

O ? .5 


- C 

C^l 

c 2 

o 

S T 3 
•3 c 


ft> 03 



c 


C/J 


o a ^ 

E? ^ g 
5 £ 2 

<*- t> 2 
cog 
u- > rr 


C U ^ 

o e ^ 

P3 ^ 

u a * 


T3 rt n 

§ 2 , £' 

CJ CQ 

or 

% ^ o ■ 

c; O ' 

5 *o ^ 
.g i c? , 

2 o ^ • 

CJ — 1 

C c /3 

0/ *0 C5 , 

> tf ^ 

w C*3 O 

7: cl ^ 


p s 

4— r- 

g 1 

« i 

1 a 

x: B. 

bJD o 

5 *c 

e n 

^ § 


c £ 2 

a£| 
2 ^ § 
O wi r 

*o g pi 

o =2 Er 
> *o E 

E ^ 

CX C3 •- 
£ 03 

•g 1 £ 
.5 x: 

5 o 5 

O .2 c 

s cx 
* ** x 
— ^ o 
W) ’fl C2 
C 5 r ' 


o 

> 

o 

03 

C <; 

2 ^ 
f \ O’* 

*s 

d 

c 

o 

00 

o 

v 

T5 

CJ 

00 

> x> 

o 

*r^ 

CJ 

txO 

C 

? 

? c 



o 

03 

o 

O 

C/2 

O 

d 

o o 

fc 60 
/= s? 

w 

c 

o 

o 

*o 

*5. 

o 

C 

03 

E 


S O g> 
oSt 
Cl u o 


C 

5 — J0 

* O O 
o 5 *p 
£ .c g 

^ v: rt 

>^ *o Cl 
-3 C <D 

g 2 o 


O W)S 

» .2 <u , 

_r 2 ^ 
»c • ^ 

W) 3 w 

3 fi 0.1 
g o a 
a o -o 


c^) o Cl 


bo 

S 03 

C 

03 

S 

W 4^ 

£3 03 

u 

a d 

CJ 

d 

2 o 

^ r/i 


: u; - o 
os g x: 

! -e $ - 
; g ^ S 
5 2 o 

1 < g S 

1 . re 

;ll 

1 03 03 

-g 

' 3 3 E 
cS 5 o 
os i5 u 

- <3 C 
O V O 

»- *s o 
« 2 60 
^ -5 — 

tc ^ S 
5 3 .2 

-p' *— > d 

* * 2 

*s o « 

° Z o 
' ti u 

03 _’ U 

D. E re 

60 5 M 

c 2 C re 

•s e ^ 

‘g 8 -S 
J? S re 


O W) 3 .£ 

O .s s S 

j= o 2 



101 


re ~ b& 

*= * IE 


% 3 


c c 2 

- X! ^ 
8 2 « 
•j w )5 
o X c 
•O *5 — 

Vi * 

C ^ X 
re £ ■ - 

CJ «S X 


E 

re 

u- 

C 

"O 

c 

2 


J g 

1 a 

i~ CA 

CJ 3 

to o 
c -o 


re 

(/} 

re 

£ 


| 

re re £ 

x Cl a 

ti u- *- 

5 8 . 

.5 o 

E £ 
o o 
“ S 
S o 

§ 8 

o £ 

£ s 

SI 

. Q 
<C u 
cs o 

B 5 
S J 

g 1 


2 b g 

■2 s 1 

•3 “ o 



3 

O 

d 

c 

a 

re 

got: 

5 C re 

£ 

Cl 

? 

3 

0 

3 

O 

CJ 

52 g 0 

•o - 1 a 

0 >» 

X 

u 


c . f 

C 

re 

3 

re 

0 

w 

•s 2 E 

Vi U. CJ 

8 

X 

U* 

a 

E 

O 

p 

re 0 c 
73 ^ re 

. v Vi 

8 IS 

re 

O 



£ c E 
« « « 
.2 o 33 



> 

•V* 

O 

c 


J* 

1/- 

X 

K 

CJ 

•s 
■— » 

rs 

0 

E 

E 2 

4 —) 

CJ 

W) 

O 

CJ 

M 

re 

3 

0 

E 

re 

re 

2 

c 

CJ 

CJ 

X 

CJ 

<u 

c 

U« 

’re 

CJ 

w 

c 


£ 


X 

CJ 

c 

X 


CJ 

£ 

73 


vi 

‘E 

Vi 

re 

u. 

0 

*0 

re 

X 

2 

0 

1Z> 

i 

E 

vi 

u 

CJ 

X 

g 

bD 

re 

X 

E 




C 

re 


cj 

gj 

Vi 

CJ 

> 

re 

x 


£ 

o 

Z 

w 

re 

s 

Vi 


*o 


X 

re 

"I 

a 

o 

>H 


t A 

X 

w» 

c 

0 
•o 

w 

cj 

1 
a- 

i 

cj 


a 

E 

3 

c 

re 

e 

re 

K 

cj 

e 


o 
£ 

j-j 'O 

*3 CJ 

r- Vi 

.s vi 

3 cj 


b£> o 

c "= 

° E 

re re 

L- w 

3 c 3 
X x 
re w 

*C vi 

c .a 

re t 

E a 

5 p 

*° a 


cj 

ai 
i ‘2 

H 8 
x o *5 
W ° O 

Vi 

o 
c 


cj 

5 

Vi 

re 

CJ 

> 


- X «-> O 

T X Vi M 


3 = ^ 

2 *o 
g 8 « 

*“) Vi vi 

^ cj cj 
CJ * 


o cj 

£ £ S 

Vi C 

'« tb *3 
o .5 S 

-it 


2 £ 
o. 4 > 
E £ 


&U 2 - 3 

^ ” o n ^ 


a- cj 


E a 

- Vi 


fij 8 
33 a 

w vi 

re 2 
vi C 

*i o 
re +-» 

* E 

gj c 

S ^ 

§ I 

S ?2 

£ vi 

re T 

c 

w £ 

c ** 

0 

1 i 

1 | 
^ 3 
•o o 

re >> 


3 

•o § 

g « 

E 8 
3 -5 

vi w 
V 3 _ 

E §“ 

a, § 

5 5 
o *o 

T 3 

C X 

<u •£ 
E * 
g -s 

h w> 
u c 

c * c 

§ a 
e *i 

o 

t: o 

bo _ 

.5 a 

- -c 

a a 


O C 

.5 £ p 

t: o o 

gfS 


■w vi 

re .f ■■ 
X Vi 

S o 

o 


vi 

O 

X 


r- 
eN 
• & O 

.S 1 8 
£ § P 
S g 

vi O 
re Um 
bX) 

re cJ 

c 


. > 

H o 

it 
II 

a h 

l. _ 

si _ 

O > O 


C .£ 

x 

vi t- 

3 D 

8 

» « 
1 o 

S i 

T 5 3 


— Vi 
X ^ 

o \r. 

i 't 

re « 

*-» V-i 

2 ° 

O vi 

*o w 

Vi 

"re o 

* c ^ 

O CT 3 

3 ?3 E 
c 
re 
o 


re re bo 


re 

E 

u. 

*5 

o 




E x 
c g 

re £ 

O vi 


O Vi 

e *- 
o 5 

x 5 
o • 
6 ? 


8 * 
§ o 

a i 


« ° w . 
O — < r; 

E o ^ 


re 

C 


o 

•o 

*£ 

Ig 

O O 
o O 

x 

vi <N 

•o o 

o — 
vi f7 
Vi Un 

ii 

(N 

— ^ 

Urn C 

O g 

re uC 

O o 

vi fcX) 

■s c 
£ 5 

O 

vi r 
O > 

5 x 

2 i 


re a w x 

Ss L S s 
x o S 

1 ^ > 

re ^ 

•c ^ , - 

•jg re • 

la ^ 

g;i 

•age 
g 5 c 

g I | 

^ re ^ 

> S u 

2 5 « 

Cl 

O g £ 

»-a-E 
.s g a 

o -3 *t; 

e »0 re O 

E g =5 

* . «r^ _re 


_ 8 ^ 
o 3 
•a S 


? a 

re 


£ 

re 

E 

•a 


Vi 

O 
T 3 
C 
o 

E 5 
K D 
•— * 

O o 

•s = 

l-h cb 

O c 

<U w 
vi ^: 

3 o 

ii 

li 

X r~ to 

X X I- 

si*' 


£Si 

" W o 

re 

£ w o 

i i <h 
5 |o 

5?8 

8 

Sg« 

Vi ^ 


$ 

*o 

f“" ■* 

o 

X 

a 

•o 


o o X 
Z. ~ ^ 
5 bo 

^ c 


^ I s 


bJ 3 


w X ^ c ° 

E D g .fe « 

-*-* ^ to re 

•|-s I 

bo 

sal 

•a « ^ 

o o b) 
^ re £ 
co -o <re 
P re g 

5 E 0 

tJQ 

2 « .5 

i.§ g 

x 

.?*o c 

X o p 

b) £ a 

Vi 

x 0 c 

o u x 
~ c res 
o .% 2 
w> u £ 


o 

X 


o .s 

*■* r- 


U 

o 

S-- 

fl 



102 


t- 

H c 

*3 CS 

11 

on y 


on 

s. 

a 

CL 

X 

to 


cj 

i— 

cj 


o rt 

i* 8 

•s a 

0 * 

1 S 

c 2 
o o 

w- *o 
cj O 
E U- 

3 a 

o £ 
■o ^ 

3 

C *0 
^ C 
u- 03 

~ O 
W) 

o 


3 ^ 


cn 

*5 

x 


£ ’ c 

w) F 

.S ^ 

o o 

fcX) >> 

CJ «£ 
W> TT 
u. f2 

a ^ 


cj 

T3 

£ 

CJ 

*5 

c 

o 

on 

C 

W) 


03 


CJ 

•5 

*-» 

3 

Cu 

T3 

C 

03 


& 


o 

X 




03 

6 

i— 

es 

* 


CJ 

O 

.S 

03 

CL 


03 

u. 

2 

*c5 

ca 

*5 

u— 

C 

IS. 

■S. 

03 

u- 

C4 

O 

O 

X 

CL 

cj 

E 

o 

on 

CJ 

> 

03 

x 

•o 

0 

w 

on 

e 

cj 

B 

1 

03 

3 

C 

u_ 

o 

§ 


CJ 

E 

o 

> 

cj 

o 

CQ 


; c 


cj 

> 

03 

X 

>> 

o 


cj 

x 


Wj 2 

C L- 

'5 : . . 

CL >S 
.2 8 
H -g 

I 1 

x 2 

CJ r= 
c3 « 

o cj 
CQ 2 

tXj cJj 

C -p 

J So 

.E 

V, 


ill 


~ 2 

LP 


V 

03 

CJ 

CQ 


£ p^ x 

*o — 


■g r 


g|5« 


03 

CJ 

>, 

on 


S 3 -g 

“I 

03 

r- r? 


O 

•o 

c 

cj 

o 

s 

CQ 


CJ CJ 

> *o 
c o 
a.S 
3 a 
^ « 

8 x 

r > 

s * 

5 o 

on X 


CJj 03 

C X 

It 

.3 CJ 

e S 

£ £ 


fcO <- 
*C * 

c 

03 CJ 

* E 

w CJ 
— ^3 

•o C 
c cj 
cz W) 

CJ -g 

3 

C4 

^*•6 
5 ^ 


o 

x: 


•o 

CJ 

E 

o 

CJ 

E 

c 

o 


£ £ 


3 

O 

W) 

c 

IE 

03 

2 

a 

Cl 

03 

CJ 

CJ 

03 

Cl 

v: 




CJ 

5 

c 

c 

03 


03 8 

* 3 

03 C/S 
C4 


to 

^ C 

• 51 * 


CL 3 

s 1 

.2 vs 

c 

« .a 

■£ 13 


on 

CJ 

c 

!5 

u. 

3 

CJ 

t/3 

CJ 

B 

o 

CJ 

on 

3 

CJ 


3 

03 

*5 

o 

2 

o 

E 

CJ 

c 

03 

C/3 

c 

c 

03 

£ 


■o 

c 

03 

I 

CJ 

c 

£ 

3 


3 

C 

c 

xz 

on 


| ^ y 

on 


CJ 

•5 

c 


a 

a 


c 

03 

CJ 


CJ 03 rc 

E 

03 


a 

E 

CJ 

xz 

CJO 


o 


03 

x: 


a 

CJ 

£ 

c 

X 

X 

CoO 

3 

O 

c 

CJ 

CJ 

CJ 

3 


r 3 c 
* .8 
2 
CL 

2 | 

£ *5 


*2 C/5 C 


0 

E 

£ 

1 g = 
« g '? 


Ill 


a 

c 

I 

a 

U< 

CJ 

s 

CJ 

> 

"3 

o 

>> 


3 

Cl 

C 

03 

CJ 

O 


fcfl 

c 

2 


a 

E 

3 

C 

03 

o 

T3 


CJ 

*£ 

c 

CJ 




CJ .*3 

1 .0 




W) -o -O u. > vs •* 

c 03 p CJ ^ 3 

^ 3 3 fcO ^ 


2 

o 

E 

CJ 

u 

03 


c 

*c 

X 


— o 


on 

o 

'G 

2 

CJ 

> 

c 


CJ 

> 

03 


X 

03 


W) 

C 

5 

c 

c3 


03 

B 

CJ 

c 

1 

3 

on 

03 

W) 

3 

CJ 

> 

03 

X 

o 

2 

c 

X 

on 

CJ 

> 


X 

c 

E 

o 

3 

03 

C 

03 


03 -r* 

B * 

cj x; 

c 

9 x 
c 0 

I 'I 

i £ 

•n 1 

a 5 

03 

CJ CJ 

1 E 

x o 

cj 13 

■s s 

E * 

2 § 


0 

•a a* 
c c 

M *Sj 
o3 on 

E £ 

a 2 

g-S 

U TQ 

1 I 

c CJ 

E *5 

on n 

o 

r- w 

.5 3 

to o 


cj o 

! i 

11 

X on 

E * 

o to 

U 3 

15 E? 

E c 

CJ ^ 

c 3 

.5 CL 

^ £ 

*o u 


ill 

o - J 

^ ri 

CJ cj 

. ^ CO 
CJ x rr 
on _ rQ 

8 I 8 

•s .ts 8 

§ -ti <73 

1*2 § 
Jr: c x 

.r a 0- 

c *2 0 

^ J 2 

cn *— 1 tn 

3 L* 3 

•P £ ? 

15 2 

</3 O X 

ES'E 

3 O « 

15 m 
c c ” 

03 CJ 

; 

3 C /3 *~ 

O w w- 

sl 3 cj 
IT cj 
.2 £ £ 
o u 2 

lT 3 X 

.5 o : 

n * i 

x 

CJ CJ ^ 

! £5 

^ £ o 

> CJ C 

a s 2 


c 

x 

c 

03 

X 


•a 

c 

E 

B 

♦- * 

03 

X 



o 

On 

CJ 

to 

03 

CL 

8 

cn 

V — ^ 

X 

c 

■2 

"c5 

£ 

ft, 

OJ 


c 

03 

U_ *-> 

O ^3 

Er* 

c 

03 

C 

Urn 

CJ 

K : 

CJ 

3 

t; .fc 

C3 C3 

E 

0 

X 

U* 

# o 

‘X 

03 

X 

O 

cj r 

X - 
^ : 

CL 0 

0 

CJ 

• w* 

CJ 


C 

X 

a x 

u- ^ 

£ 

on 

03 

> 

03 

u 

03 

03 



w ° 
^*5 *5 



Tesla's Original Engine Generator 







( — c 

w 

— - 

«— * 

«-» 


C oc 
r J~. *3 

C 

c 

C3 

3 

oc 

5 


i 55 

oc 

G 

O 

c 

3 

.£ 

c 

Is 

Sj 

s 

M 

E 

”3 

C 

G 

L- 

Cl-~ 

U. 

c 

g 

X) 

re 

g 

g ■> 

c 

i/: 

c 

- 

C3 

o > 

vC cj 

c /c 
G 

i_ 

73 

c 

re 

s 

CL 


G re 
g jz 
3 y; 
-re m 

CL<-C 

1 s 

g 

*c 

c* 

o 

K 

re 


o w o r- 

,E E E r 

£ O 2 • 

y CL. 


t= U E 

y; O =3 

c o c/: 

*— Sc' r/- 


£ 

!T3 

•C 

u. ‘ 

C 

oc 

m 

u. 

Cl 

c 


g 

re 

W> 

c 

*-✓ 

oc 

/. 

E 

c 

G 

O 

O 

| 

c r, 
tJj 

C 

•re 

tt 

c 

c 

*5i 

'> 

re 

a 

E 

G 

o 

o 

c 

73 

U- 

C3 

o 

re 

G 

J3 

c 

X 

c 

1£ 

in 

3 

«C 

L- 

G 

o 

y 

G 

G 

oc 

oc 

X 

re 

C- 

G 

r* 

G 

r- 

C 

G 

> 


u^Ec- 
« £ g 5 2 


"O r 

— g = 

. G U.‘ 

s g E a 

re b g ■- 


re 

X 

*o 

L- 

G 

> 

G 

re 

i— 

oc 

"O 

■c 

re 

G 

i— 

e 

P 

W 

o 

'E 

oc 

c 

a. 


3 


3 

•o 

3 

'E 

c 

c 

re 

G 

G 

CL 

C 

G 

re 

c 




xt 

'-3 

oc 

E 


w 


re 

y: 



7: 

E 

G 


£ 


oc 

G 

G 

X 

5 


oc 

i— 

"O 

G 

oc 

re 

f~ 

G 

sfs 

3 

*5 

o 

re. 

oc 

G 

c 

U 

7 

G 

C 

G 

3 

LL 

u 

CL 






105 


p u 
x ^ 

03 

X XI 


y 5 


O p 

o 8 
So 

tr 3 

o 
3 * 

P C 
cr t3 

£ | 

p X 

ii 

% i 
8 .| 
p X 
£ X 
C O 
X GC 

o to 
x to 

p 5 

E c 


P O •*- 


w c 

p x 


P c/5 




es . 

C/5 

a O 

ft C 

o X 


3 C3 

2 >» 

E to 

« p 

g c 

tz p 
o 

p e 

n C 

c £ 

x 3 

0 a* 

s| 

. P 
P C3 

S X 
X a 

CT 

or .£ 

as 

c £ 

II 

u to 
£ E 

H 

•5 p 
p o 

2 ^ 

E ^ 

X 
O 

1 « 

P or 
u >% 

p to 

X u ~ 

fcb g 

X o 


il i 

2 t= ra 

« P 


to 


^ 2 
c e 


p 

c 

X 

u- 

3 

x 

o 

X 

C3 

X 

o 

X 

o 

c 


3 p 

0 o 

N -O 

.<£ X 

o-a 
S s 

2 -o 

b £ 

c x 

1 8 

2 p 

as 

w to 

= f 

O ' 


sis? 


P P ^ 
KUO 
P 3 X 
£ co "or 
u- o 

a a^ 

e c O 

£ E c 
2 £ c 
O H -O 

s X p 

^ to X 

•g£ g 

O u- o 

to O w 

v. £ 5 
•- 3 x: 

O w * 

III 

2|5 

K O M 

tr X v 

u g -5 

s > ° 

C3 o 2 

X C o 

«*S 


C3 ^ 

ap 

C U 

I 8 

P ^5 

E E 

« | 

a I 

re o 

«-» CJ 


Exp 

to o E 
^•= 
B Si 
8 j$ « 

.8 * y 
t= o c 
> -g o 

^ CT3 c 

l E l 

s 

■g 

.£ .£ 2 

§•§ o 

o O > 

u U > 


.il 

§ S 8 

x > o 

« ^ X 

c c/5 

J B o 

y 3 .£ 
SEE 

>03 

5 o.&- 
S E ^ 
^3 g 
^ b o 

x ^ 

toj2 

£2 cq 


C/3 

£2 

X cx 

? £ 
3 O 
X u 

2 c-> 

O 5 
CX 

3 W> 

c c 
3 -K 
S '2 

C 

CJ ^ 

*£ o 
jo & 
U- rt 
3 CJ 

^ u- 
U 
.X C 

to o 
c x 

‘K O 

*E 

u. ci 


CJ 


E c> ^ 

♦-* r* *r 


SB 

fs 

c x 

‘oc &0 

E S 

2 S 


CJ 

ooi 

.£ cj 
X c 
b O 


o g a 

° 3 2 

E £ -5 

c O r= 

^ X ^ 
X w X 

t/ u- tO 

X X 
t hr cj ^ 
x E c 

w O O CJ 
o 


d 2 ■§ 
o s- 2 

a j 

- - a 

o t” 

CJ X 
C3 

cx g 

^ rt 


o 

c 


ct X 


Er E o 


d C3 


O X 


X O 

13 CJ 

it 


r~ CJ i— w 

^ g •£ .2 « re o B. 


to 

£ 

x 

3 


X o 


X X « 


2 c S 


X O 


i & 


X 3 ^ 

*<=S 
I|1 
| .sl 

to o t 
c c c; 
« o E 

JZ 13 B 

•SP^-c5 

c 

CT5 

3 


X 5/2 

>%x 

X 


^ n X 


o >, 


X 

§ 


E . o 
o t: ^ 
3 o 

w 

1 = 


aa 2 


u- ■*— 1 [/; 

S 

||i 

X, x cj 
« ^ 3 _ ^ 

c - E !2 t 1 

>. . 3 " 

oil 

CJ £ £ 

X , — ^ 
a C3 ^ 

&2i 

X CJ w 
X > c/ 

* 3 8 

3 o -o 

3 X X 


CJ c 

C3 02 
X 

to 2 

c 


CJ 

* 


: 8 


tox 


g’&f'B.S SJB 

n=r = £ ^ ^ 


&i 

E ^ 


I 
a 

- 8= 2 i = 




CJ 

2 ^ 03 X 


•s > 

E <= 

2i 

2 § 

CJ u. 


CJ c 

£ o o 
w X s 


^ CJ 

^ o > 

X C OC 
2 V5 


« 
C3 CJ 

w ' d. 

^ Cu 

§ a 

'K g 

c/5 rt 

E C 


CO 

3 

CA 

3 
C 

a 

% | E 


•= ■” s 

81 & 

3 x CJ 

'£tj 2 
to CJ 

= 'e , a 
a 3 

_ C3 *-> 
3 c/5 O 

c * - c 

X ct X 


fa 


£ s « 
| 2 3 

X cJ CJ 

3 = 3 

<3 .So 

E > > 

3 E o 

3 tb a 

^ s 

C i y Cl. 
a X ^ 

tt « 

« X 

• o -g 

i'y c 

>5S 

2 <u *2 
to > £ 

f ■ . PQ 

o 3 ^ 
= o 3 
a - -g 


« g 


-■ -O 

0 3 

1 I 

t 1 
I ° 

0 60 

a c 

1 I 

i— X 
CJ 02 
X 

§ £ 

•03 

02 2 

X to 

^ •§ 
CJ c 
C c3 
2 

Q. C 

^ CJ 
CJ 

CJ U- 
C3 CJ 

ax 

C/5 C 

£ ,p 


'5 S 'i 


cj p 

« 2 

X 2 


c 

c 



ST CJ rt 02 X 
X 


W C/ £ 


e 

•S 

53 

£ 


X) . 

X ' 
CJ 
CL 

c . 
o< 

CJ 

x 

t0‘ 

c 

’5 • 

X) T 


CT3 

J— 

P 


* 

CJ 

c 

b 

02 

C 

c 


^ a 


rf 

CJ 

X 

p 

> 

C/5 

P 

C/3 

*c 

rt 

2 

x 

o 

X 

o 

CJ 

2 

3 

C/5 

to 

c 


X 
2 
, 3 
P 

*5- 

CJ 

c 

c 


co. 7 ! 

C w 

W 


C3 


X 

CJ 

C 

D 

p 

x 


X X 
cj 2 a 

CJ 5 C3 

c ,2 — 

>^X X 
0 X C 
X "o rt 

X ^ 


p X 

£ E 

“ o 

&“.£ 
o g 

> a 

3' ^ 

ti O <S 

a -5 s 
w >, 2 
e x - a 


o 

o 

’> 

CJ 

X 


p 

E 

C3 

K 

p 

I 


2 


to 


£ "o 


-2 w>~ -J 


to 

c 

o 

X 


P3 .3 


o ' 
o 
o . 

X « 
CL 

02 
or, , 


y P v, 

^ 3 i 

1 5 o 

1 1 1 

re g T3 

2 g 3 

C3 L 3 

X c^ O' 

C/3 

^ a o 

d x ^ 


3 

c 

c 

p 

00 

r3 


•r c X 

p p 2 
X Xc ^ 
p >1 x 
P P 
2 *- 3 

0..2 a 
h E c 

2 rt X 

3 a * 


£?g o 

'O 3 a 
5 CT n 

p <— > 

*o bi S 

ISi 

Sli 

t <- to 
^ < — 

O O 
1?. p 

X 2 

p 2 

M'gu 
*r *> 

3 * O 

«5 -O ^ 
P >c 
P p c 

r 3 cc 

F *2 « 

. .£ x 
p r Cl 
p 2 
•:r p 

> U. £Z 

t> o p 

CL 

E d 
2 8 
re t 
U- a 

P C/5 


3^-5 

P .la 

til 

> X '> 
1 P cj 
x *2 x 

c3 _£2 oc 


>% « 
c c 

rd O 
w X 

o c 

- p 

.2 c 

a 8 


02 u 
* ,0 


c g 
E 


3 

a 5 

£ 5 


p 

* 

c 

Cl 

p 

C3 

E 

*3 

0 

or d 

1 1 

c S 

1 K 

.£ 3 

P C3 


= u/ c^ 

2 x ^ 

ct ’p X 


rt ^ 
p o 

X c 


b 2 

P 3 
^ 2 

1 a 

O £ 

C/5 P 

o 2 

c .£ 

Cj 

to C 

2 x 

E 3 
o w 
u 2 


X c 

c c5 

cd qj 

ti 3 
§ 0 

c _ . 

|i 
E 5 
>,3 
8 E 

> P 


P 
2 

E 
o 
X 
x 

a 

o x 

p £ 


02 P 

g“ 

P- C/5 

X g 
P C 

fl 

5 a 
aa 

I s 

c >> 

•a rt 


_ E- 


P 

2 

to 

p 

X 

o 

o 

o 

rX 


C W3 

°x 

vs S5 

1? 

a.g 

i | 

x 5 
to 3 

3 g 

CJ *" 
C/5 ~ 

a © 

X f 


^ z 

p 

a 

e 

O 


X x g w o 2 
*-1 O ^ C _c r= x 


L'sf-S. 


o E 
S 3 
? sz 
o CJ3 

— 3 


1 8 

8 5 

2 p 

.1 a 
2 e 

CS ^ 


^ 5 TS W 

C/5 X 

?! 


P 
X 

Xg 

3 w 

2 g 

g = 

E ^ 

3 .to 
2 p 

C X 

s § 

S p 
c ^ 
w)'S 


d 

X 

3 

CJ ^ 

> a 

3 

3 

O 


'to 


■sl 

3 

02 

P 

0-M 

0 ^2 

X 

0 

p 

3 £ 

rt 

3 

2 0 


p 

c 

p 

c 

2 

3 

— 1 

02 

o 

4—* 

X 

p 


a? ^ 

b > £ 

> tox 


X 

p — 

^ d 
. c 
X £ 

S 3 

M’S 

ii 

8 f 

xn «s 

0 *° 
2 ^ 
x p 
o -a 

O 03 

^' s 

^ o 

% £ 


*- P 

2 x 

o «/5 

C 

<1 
d to 
c c 


3 X 
P as 

X p 

S..S 

X^X 
02 


u— *n 
O p 

2 1 

E S 

x £ 

2 o 

X X 
CL C 

C cj 
X > 

3 o 

re u 
O o 

x 

X 


CJ C/5 

3 8 

re •O 

fl 

p E? 
to CJ 
to c 

X w 

P 2 

O x 

p g 

c 2 • 

O a o 

c /5 CL C 
X X 
or cJ p 

g 2 2 

• I ^ 
8 §■? 
to § O 

c C/5 C3 

P *0 

x 8 g 

^ P or 
X X or 

x F 2 
p . p 

§15 


g O 

X 0 

« Wi 

CL 

C3 c 

c 1 > 
E 

o 2 

p x 


P p r 5 

or CJ X 

£ P r- 
C/5 *X 
c P X 

3 5 > 

o *3 t- 
•a c 3 

C C/5 P 

s y B 

E « 2 

3^0 
X C3 C 


*n ^5 
a '~ 
X X 
C3 P 

E x 

p S 

£2 

^ x 

C3 

d E 

a 60 

a C3 

E 


c to p 
.2 .£ E 

X X C 

2 c <-> 

3 is 
p x > 

o CJ v: 

CJ c p 

*0 

CTJ 


X x 


c 

03 
> 

X 
cs 

or 

3 
O 
X 

c 

p 

E 
3 

03 

S'S 

li 

C p 
p 6 
.£ w 

-e-s 

2 §a 


X x 

X X 
_ p 
X 03 
3 P 
P p- 

x o 


CL 5 X 

E§u 

•'— Urn X 

O c f 
^ 3? 
3i 

p X p 

X ™ P 
^ P X 

“ d 

> .55 
p X 
^ cj 

b > 

p^ 

> C/5 
or uc 

S p 


or 

u 

*p 

X 


p 

X 


o 

00 


cr 

P 

*5 .b 

a * 

o 

p 

C 


X 

p 

c 

X 

E 

o 

p 

X 


g £ B 

.3 p s - 
- 

s£ p 
b^o 

£ cj H 

I' 5 8 

y or — 

c — X 


2 2 

-2 -o 

cr p 
or 

P S 




P 

X . 


X C 
P 02 
X p 

X 1 
C3 ^ 
P 

X c 
x £ 


p 

8a 


E c - 


e 40 

.3 Cj 


Ip 


1 = 

« y o 

- 3 £ 

•— 1 3 Om- 
c3 ra JX 
o 

•3 X -o 
X w 02 

F.SS 

CJ CJ 

*5 x 

w w 

§ 2 
or 'O 
C P 

a a. 

t & 
|aii 

3 £ 2 


lei 

i 3 § 

§ S .S 2 
o .2 w 

C X 


s-a 

2 £ 


x c 

p "* 
2 


3 

C3 

p *s 

CO 

02 P 

p c .£ 

x 3 x 

!|b 

.£ g K 

to o 3 

£ii 

y re 

E £1 


y *■ 

!■ 

2 d 

S £ 
£ x 

P 

X C 

£ P 
X p 

p -2 
X x 


2 

2 

ts 

C3 
X 
ct . 


E o 


3 

O 


P 

X 

o CJ 

re .£ 

— 

X 2 
p 3 

X or 


.3 or 

x £ 

3 *3 


CJ P3 

X «M 
3 2 

3 '5 

to ■X 

C Q 

S ^ 

p si 

XX 

c c 

II 

3 ^ 

or C 

il 

P 


cr 


c 

3 
3 

02 
P 

P P 

2 .E 

X J2 


Tesla Pump Patents by Possell & Gurth 
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Clarence R. 

Possell (srchd 66-84): 

class 

3719836 

pressure sensor 

307 

3636289 

pressure sensitive electric switch 

200 

3848775 

valve for liquid dispenser 

222 

4050636 

water-driven Tesla-turbinelike 



garbage disposal 

241 

4043036 

shaver, Tesla-turbinelike 

30 

4347032 

slurry pump 

415 

4347033 

concrete pump 

415 


3244255 

jet 

engine 

noise suppressor 

4-5-66 

181 

3279170 

gas 

turbine 

power plant 

10-18-66 

60 

4232992 

geothermal 

turbine 

11-11-80 

415 


misc. Possell patents: 4056209, child-proof bottle: 4186554, 

cl. 60; 4403911, cl. 415. 

Max Gurth (srchd 70-91; should be six more?): 

4335994 Meth. & App . for pumping large solid articles 






6-22-82 

415 

4514139 

M & A 

for pumping 

fragile aticles 

4-30-85 

415 

4768920 

Method for pumping 
in liquid medium 

fragile and other 

articles 

9-6-88 

415 

4773819 

Rotary 

disc slurry 

pump 

9-27-88 

415 

4940385 

Rotary 

disc pump 


7-10-90 

415 


(Gurth supposedly claims to have 11 patents) 
(also srchd Discflo 70-91) 
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DISCFLO... 


A Quantum Leap in Technology 

by Steven R. Elswick 

& JW McGinnis 

Editor 

President 

Extraordinary Science 

International Tesla Society 


A dramatic revolution in the pumping industry is 
taking place as rotary disc pumps (which most 
Tesla enthusiasts refer to as the Tesla Turbine 
Pump) take the marketplace by storm. Up until 
now, conventional technology consisted of posi- 
tive displacement pumps and dynamic centrifu- 
gal pumps. Now a radical breakthrough in pump 
technology has resulted in a non-impinging, 
product friendly pump that is the solution for 
previously unsolvable pumping problems. 

While many of the basic concepts and principles 
of operation on which the disc pump is based 
were developed around the turn-of-the-century 
by Nikola Tesla, it took intensive research and a 
series of bold unprecedented experiments by 
Max Gurth, founder and president of Discflo 
Corporation, to turn those concepts and prin- 
ciples into reality — to create the technological 
breakthrough that is the Discflo Pump. 

Principles of Operation 

Unlike normal pumps that act in opposition to 
Nature, the Discflo Pump operates on three of 
Nature’s own dynamic forces — boundary layer, 
viscous drag and laminar flow. 

In US Patent 1,061,142, is Nikola Tesla’s de- 
scription of the boundary layer: 

It is well known that a fluid possesses among 
others, two salient properties: adhesion and 
viscosity. Owing to these a body propelled 
through such a medium encounters a pecu- 
liar impediment known as “lateral” or “skin 
resistance” , which is twofold; one arising 
from the shock of the fluid against the asperi- 
ties of the solid substance, the other from 
internal forces opposing molecular separa- 


tion. Ar an inevitable consequence, a certain 
amount of the fluid is dragged along by the 
moving body. Conversely, if the body be 
placed in a fluid in motion, it is impelled in 
the direction of movement. 

Michael Faraday, in his famous lecture The 
Forces of Matter, illustrated the internal forces 
that tend to hold matter together and described it 
as cohesion. It is through cohesion that the 
energy is transmitted from one layer of matter to 
another. A measure of cohesiveness in fluids is 
viscosity. For example, oil tends to stay in one 
mass better than water does. The more viscous 
a material is, the greater is its ability to suspend 
material placed in it by resisting the material's 
movement through the fluid. 

Many of us have witnessed the Prell Shampoo 
commercial in the 1960s where the sphere is 
dropped in the bottle to show the “richness” of the 
shampoo. The ball fell through the shampoo 
slowly demonstrating the high viscosity of the 
shampoo. It is easy to imagine this fluid carrying 
lots of these little balls when it moves. This 
ability to suspend material is viscous drag. 



The initial boundary layer attracts and "drags" 
along additional layers of molecules! 
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Due to the manner in which movement is gener- 
ated within the fluid, close observation reveals 
that the flow is actually layered, with each layer 
flowing at a different speed but in the same 
direction as an adjacent layer. This is known as 
laminar flow. By definition, laminar flow is a 
smooth, gentle type of flow in which there are no 
abrupt interruptions or changes in direction. 

This is possible in the bladeless turbine pump (or 
as some prefer — disc rotor pump) because there 
are no blades to block the flow as in centrifugal 
and other bladed pumps. In bladed pumps, the 
flow of the fluid is interrupted when the fluid hits 
the blades in the pump, thus eliminating any 
semblance of layers within the flowing fluid. 
The interrupted flow is termed turbulent flow. 

Primarily due to the way scientific thought and 
theory was based on intense observation of 
natural phenomenon, scientists during the Victo- 
rian age were referred to as Natural Philoso- 
phers. So it would be obvious to the scientists 
and researchers of that age to note that the most 
natural form of movement in Nature is a vortex. 

A vortex is the most powerful and efficient 
manner of transforming the direction of energy 
flow, for this reason it is Nature’s method of 
choice in changing the direction of unobstructed 
forces. This is readily observed in tornadoes, 
whirlpools and hurricanes. 

Although Tesla refers to the importance of a 
spiraling flow of fluid through the pump, Victor 
Schauberger is perhaps the most significant ex- 
pert on vortices and vortexian flow. In the book, 
Living Water , by Olof Alexandersson, 
Schauberger explains the different forms of the 
vortex: 

The form of movement which creates, devel- 
ops and purifies and grows is the hyperbolic 
spiral which externally is centripetal and 
internally moves towards the centre. We find 
it everywhere in Nature where growth or 
movement is taking place, in the spiralling of 
nebulae in space, in the movement of our 
planetary system, in the natural flow of wa- 
ter, blood and sap. 


On the other hand, the destructive or dissolv- 
ing form of movement is centrifugal in Na- 
ture — it forces the moving medium from the 
centre outwards towards the periphery in 
straight lines. The particles of the medium 
appear to be forced out from the centre. The 
medium is first weakened, then it dissolves 
and breaks up. Nature uses this action to 
disintegrate complexes that have lost their 
vivacity or have died. From the broken down 
fragments, new co-ordinated forms, new 
identities can be created as a result of this 
concentrating form of movement. 

The centripetal, hyperbolic spiral movement 
is symptomatic of falling temperature, con- 
traction, concentration. The centrifugal 
movement, on the other hand is synonymous 
with rising temperature, heat extension, ex- 
pansion, explosion. In Nature, there is a 
continuous switch from one movement to the 
other; but if development is to occur, then the 
movement of growth must be predominant. 

The bladeless turbine pump (or as some prefer — 
disc rotor pump) embodies both types of move- 
ment. It is through the outward spiraling that 
energy is imparted from the disc to fluid. In this 
mode it is an effective pump. Conversely, in the 
inward spiraling movement energy is imparted 
from the fluid to the disc making it into an 
efficient generator — this is covered in much 
greater detail in the Tesla Turbine patents. Thus 
Nature’s balance is evident in this apparently 
simple and geometrically elegant device. 



The fluid is drawn through the central orifice of 
the pump and confined between the parallel 
discs of the rotary discpac. 
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Discflo Pumps utilize the powerful forces of 
Nature-boundary layer, viscous drag and lami- 
nar flow. 


The Vortex Controversy 

There seems to be a lot of confusion between the 
terms turbulent flow and vortexian flow. This 
is partially due to a misnomer prevalent within 
the pumping industry since the introduction of 
so-called vortex pumps. The "vortex" pumps 
profess to utilize the power of a vortex, but in the 
past an improper understanding of fluid dynam- 
ics resulted in poor system design that damaged 
products. As a result, many engineers in the 
pumping industry cringe when they hear the 
word "vortex." The rotary disc pump is NOT a 
vortex pump! 

The Reynolds number is indicative of the 
relative importance of inertial and viscous effects 
in the fluid's motion. It is based on the velocity 
of the fluid and its viscosity, therefore it is 
different for every fluid and application. At low 
Reynolds numbers, viscous effects dominate and 
the flow is laminar. At high Reynolds numbers, 
the inertial effects lead to turbulent flow charac- 
terized by eddy currents within the mainstream 
of the fluid. 

A true vortex is not a turbulent flow — the 
Reynolds numbers do not determine whether 
there is a vortex or not. Rather, hydrodynamic 


analysis of fluid flow attributed to Helmholtz 
clearly indicate that in order for a true vortex to 
occur, laminar flow must be present. A true 
vortex has many filaments (or layers) which are 
the locii of the centers of circulation (a spiral). 
These filaments must be continuous and the 
strength of the vortex is constant along filament. 
Obviously, if the flow is disrupted by turbulence 
it is not constant. 

Vortexes are natural phenomenon that occur 
whenever there are changes in temperature or 
pressure. It describes the direction of fluid 
flow... not the manner of flow. Unfortunately, 
this misunderstanding often prevents the proper 
study of vortexian motion in fluid dynamics. 

Overview of Pump Operation 

The pump itself has a fairly straightforward 
mode of operation. The fluid is drawn through 
the central orifice and confined between the 
parallel discs of the rotary discpac. The layers 
that adheres to the rotating discs, generate within 
the fluids themselves, pressure gradients by 
which the entire fluid mass itself begins to rotate. 
As the fluid gains energy it moves outward to the 
edge of the disc — and beyond. The actual path of 
the fluid through the pump thus becomes a spiral 
path — in other words, a vortex. 

Boundary layer occurs when the molecules of the 
fluid attach or “lock onto” the surfaces of the 
rotating discs. The force of this rotating boundary 
layer is then transmitted to adjacent layers of 
fluid molecules — generating pressure gradients 
and a dynamic force field within and between the 
molecules. It is here that the principle of viscous 
drag comes into play — for the energy transmitted 
to the boundary layer is then transmitted to other 
layers of the fluid’s molecules until the entire 
mass of fluid is rotating carrying other materials 
immersed (or suspended) in the fluid with it. 

Thus, the initial boundary layer attracts and 
‘drags’ along with it additional layers of mol- 
ecules setting in motion numerous parallel 
streambands of physically interacting molecules. 
As the kinetic energy from the discs is imparted 
into the fluid, the fluid moves in a spiralling 
unobstructed outward flow. 


EXTRAORDINARY SCIENCE 


7 


APR/MAY/JUN 1992 



This combination of boundary layer, viscous 
drag, and vortexian motion thus generates a 
powerful dynamic force field which propels the 
fluid naturally, producing a smooth hydraulic 
flow profile and a non-pulsating operation. 

Moreover, not only does the boundary layer 
transmit kinetic energy from the moving surface 
into the fluid, but it acts as a “molecular buffer” 
between the disc surface and the fluid contents. 
This protects both the product from the full 
impact of the disc and the disc from the full 
impact of the product — thus eliminating exces- 
sive product damage and pump wear. 

Characteristics of the Discflo Pump 

A genuine innovation in the pumping industry, 
the Discflo Pump combines the best features of 
both the dynamic centrifugal pump and the posi- 
tive displacement pump. The result is a simplic- 
ity and a versatility unmatched in the pumping 
industry. 

The Discflo Pump is designed to handle a wide 
variety of difficult fluids more efficiently and 
effective than ever before thought possible... and 
not constantly break down in the process. 



In a California oil field, standard centrifugal im- 
peller pumps which were pumping diatoma- 
ceous earth, sand, oil and water (60% solids) 
required a complete rebuilding every 15-30 days 
due to high wear. For the same operation, the 
Discflo Pump has run continuously with no 
pump-related breakdowns! Similar reports are 
coming in from those who are pumping lime 
slurries, steel mill wastes, coke slurry and/or 
highly abrasive slurries. 


In conventional pumps, if abrasive substances 
are being pumped, there will be a tendency for 
the pumped material to abrade, or dig into, the 
lifting surface of the pump— this phenomena is 
known as impingement. After, an extended 
period of time pumping abrasive materials, the 
pump’s performance will be degraded to the point 
it no longer works. 

Alternatively, conventional pumps face the 
problem of cavitation. Cavitation occurs where 
liquids with bubbles of gas entrapped in it is 
pumped. (Often, bubbles are formed in pumps 
themselves as a pressure interface is created 
between the high pressure and low pres sure areas 
by the pumping action.) When a lifting surface 
hits the bubbles of gas, the bubble collapses (or 
implodes). As the liquid rushes in to fill the area 
left by the collapsing bubble, the inrush digs 
away at the lifting surfaces. In extreme cases of 
cavitation, pumps can be left looking like lace 
curtains. 

The secret of the Discflo Pumps is the non- 
impinging disc rotor that does away with lifting 
surfaces! The absence of lifting surfaces in the 
Discflo Pump virtually eliminates the cavitation 
and impingement problems encountered by con- 
ventional pumps. An additional benefit of the 
bladeless rotor is the ability of the pump to 
"swim" through blockages without damage! 

In contrast to both the impeller driven centrifugal 
pump and the positive displacement pump — 
both of which impact andpush fluids through the 
system — the Discflo Pump generates powerful 
dynamic forces which pull fluids through the 
system. The results are dramatic! Its reliability 
and durability on difficult applications is 
unsurpassed by any known process pump on the 
market today. 

Throughout the Industrial World, Discflo Pumps 
are showing superior performance in handling 
the following difficult fluids: 

Severely Abrasive 

For highly abrasive fluids the “impact/ 
push” principle is a direct cause of the high 
wear rates experienced by other types of 
pumps. In the disc pump the same bound- 
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ary layer that generates the dynamic force 
field that pulls the fluid through, also cre- 
ates a “molecular buffer” between the fluid 
and the disc surface. Because the bound- 
ary layer adheres to the disc surface and 
rotates at the same speed, abrasive par- 
ticles are kept from impacting and grind- 
ing the rotor — significantly reducing rotor 
wear and the high costs of down time and 
repair. In addition, there is virtually no 
performance loss as the result of rotor 
wear. 

Highly Viscous 

Viscous liquids (100 cps) have a very 
adverse effect on conventional centrifugal 
pumps — making them ineffective devices 
for use with viscous fluids. The Discflo 
Pump, which requires no close tolerances, 
is designed to handle stubborn viscosity 
problems. The key here is that the discpac 
can be engineered according to viscosity, 
density and solids. When you add this 
versatile design feature to the powerful 
boundary layer/viscous drag forces gener- 
ated by the innovative disc technology, 
there is little wonder why the Discflo 
Pump is so effective on highly viscous 
fluids. In fact, with Discflo, the higher the 
viscosity, the more efficient the perfor- 
mance! 


Pluggage Prone 

Wastewater treatment, paper stock and 
meat packers are just some industries 
which have notorious problems with pump 
pluggage. Stringy, bulky materials, such as 
rags, hair, entrails, plastic bands, etc., all 
clog impellers (even recessed impellers) 
and progressive cavities on a regular basis. 
Discflo’s revolutionary open design 
discpac runs virtually clog-free — handling 
with ease high solids content fluids (over 
80% by volume) and large soft spherical 
and stringy solids. The reason it runs virtu- 
ally clog free is because the Discflo Pump 
is a non-impingement device— with no 
close tolerances-which allows the particu- 
lates to stay suspended in the fluid through- 
out the system. 

Delicates and shear sensitives 

Delicates and shear sensitive fluids receive 
sympathetic treatment by Discflo pumps. 
Because there are no vanes or paddles, 
there is no impact on delicate or shear 
sensitive particles. 

At a major corn chip plant, the Discflo 
Pump has virtually reduced product loss to 
zero. The savings are in the millions of 
dollars. The disc pump has almost totally 
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eliminated maintenance. Where previ- 
ously a good deal of the product was mac- 
erated, now less than .2% is lost. 

Air/Gas Entrained Fluids 

Because the Discflo Pump does not require 
close tolerances and mechanical impellers, 
it can handle fluids entrained with air and 
gas without destruction to the pump and 
system due to cavitation or by running dry. 
However, careful attention must be given 
to pumps using mechanical seals that they 
be lubricated at all times. 

There are numerous installations where 
Discflo pumps are being used which are 
processing as much as 70%+ air and gas 
entrained fluids. At one installation in the 
mining industry, a company is processing 
air-entrained frothy mineral slurry that just 
could not be handled by standard pumping 
equipment... and it is doing so without 
costly repairs and down time. 

Features of the Discflo Pump 

The simplistic design of the pump lends itself to 
a number of features which make it superior to 
conventional pumps. These features combine to 
make the Discflo Pump the most cost effective 
pump on the market today. 

The reason again lies in its revolutionary disc 
technology. The boundary layer laminar flow 



The revolutionary discpacs are available in 
various styles and sizes. 



Each pump undergoes intense scrutiny and 
testing — before shipping. 


created by the rotary discpac generates not only 
a dynamic force field which propels the fluids, it 
also creates a “molecular buffer” between the 
surface of the disc and the contents of the fluids 
being pumped. This protects the disc from the 
fluid (resulting in minimum pump wear). The 
savings in downtime and repair costs have been 
60% and more annually. 

The revolutionary discpac enables the design 
engineers to rapidly resolve the various pumping 
problems their customers encounter— everything 
from shear sensitives and frothy liquids to heavy 
viscous and abrasive slurries. With the discpac 
technology they can configure a pump that will 
handle the job properly and quickly. 

Truly quality-oriented, Discflo will not even 
discuss building a particular pump until they 
know the fluid being pumped and head and 
system requirements. 

In addition to the standard plain discpac, Discflo 
also manufactures a High-Head Discpac which 
incorporates a number of straight radial ribs on 
inside surfaces of the discs. For special applica- 
tions, the High-Head Discpac provides signifi- 
cantly higher flow rates and pump efficiencies. 

But the long life of the Discflo Pump results from 
more than its disc technology. The pump con- 
tains a heavy duty shaft which is combined with 
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Discflo Pumps are designed tough... 

To last in tough environments! 


close to zero axial and radial loading to give less 
than 0.002 inch shaft deflection under full load, 
full speed pumping. This translates to extra long 
life for seal, shafts, shaft sleeves and bearings. 
When lubricated according to manufacturer’s 
specifications, the bearing are designed to run 
over 80,000 hours before 10% of the bearings 
would theoretically begin to fail. 

The Discflo Pump is a well-designed pump with 
ease of maintenance in mind. The back pull-out 
design of the pump allows easy removal and 
service of the bearing frame and rotating assem- 
bly without disturbing piping connections. The 
rugged, heavy-duty power frame provides maxi- 
mum mechanical reliability, performance and 
pump life. The convertible packing/seal box 
was designed to accommodate virtually any 
packing arrangement size or style, and all single 
or double mechanical seals in US and metric 
sizes-no mean feat in itself! 

Many of the components used throughout the 
pump are designed for interchangeability, which 
allows for minimum inventory costs and maxi- 
mum standardization of parts. The heavy-duty, 
rugged, high-quality parts used throughout helps 
provide a degree of reliability unmatched by 
other manufacturers. All of these features com- 
bine to give an incredible savings in downtime 
and repair costs. 


Low Maintenance=High Savings 

A supplier of paint intermediates in Knoxville, 
TN. Theirproducts are shear sensitive. Foryears 
their major problem was the cleaning of the spent 
solids treatment basin. Prior to their conversion 
to Discflo pumps, their monthly cleanup took 
four men two days... with two of the men as- 
signed to permanent standby just to keep pumps 
running. Since installing a Discflo Pump, down- 
time has dropped from two days to three hours 
and replacement costs have dropped from $3,000 
to zero dollars annually. The total cost savings as 
a result of using the Discflo Pump is more than 
$57,000 annually. 

Not only increased savings... but increased pro- 
ductivity... results when companies use the little- 
to-no-maintenance Discflo Pump. At a major 
laundry detergent company in California for 
instance, the Discflo Pump increased production 
by 22% because there were no more “routine 
maintenance checks.” 

The company manufactures dry laundry deter- 
gent.. .involves spray drying of hot (180 degree 
F) corrosive, extremely abrasive, high solids (7 5- 
80%), high viscosity (4000-6000 Cp), and heavy 
(1.3) specific gravity slurry. 

This combination of “bad actors” spelled high 
maintenance and early death for the industry 



Before Discflo Pumps were installed, we had our 
hands in the sludge. After Discflo pumps were 
installed, we have our hands in our pockets. 
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standard positive displacement gear pump the 
company used for years. As the gear pump “wore 
in” pressure fluctuations, consistent but random 
downtime led to a multitude of mechanical, 
production and quality problems downstream. 

The company installed a Discflo Pump, and has 
since then been pumping any combination of 
high density , high viscosity, abrasive, aerated 
liquids with almost zero maintenance and zero 
pulsation. From their original $750 per hour 
downtime costs to the now zero downtime, they 
have retrieved the cost of the pump in less than a 
month, at the same time, their zero maintenance 
has resulted in a production increase of 22%. 

Case Histories of Discflo Users 

Today, many industries must process aggressive 
and hard to handle fluids. The answer for an 
increasing number of companies is the disc 
pump. Discflo Pumps have a reputation of 
simply outperforming all other types of turbo- 
machines when it comes to handling difficult 
fluids and they do so by increasing long term 
efficiency and productivity and reducing down- 
time and the high cost of maintenance and 
product loss. The following examples from 
Discflo, testify to the wide, successful use of their 
pumps by their customers. 

Wastewater 

For three years the operations manager at a 
wastewater plant in Texas has used a Discflo 
Pump to backup all of his service 
pumps. . .from incoming sewage through acti- 
vated sludge, grit, scum, and digested sludge. 
After three years, in all of these services, 
there have been zero failures with Discflo. 

At a Midwest facility, digested sludge with 
18-27% solids eroded every pump tried... 
until they installed a Discflo. For the last 
several years the Discflo has operated with- 
out failure, pluggage or excessive mainte- 
nance expense. In addition, with Discflo 
Pumps, the plant has been able to eliminate 
the use of dilution water to pump these heavy 
solids. 

The first reaction at a Minneapolis waste 
water plant was, “No way are we going to 
install that funny looking pump that the front 


office ordered. It can’t work, we’ll just have 115 
to take it out again.” When Discflo’s field 
engineer showed up and helped install the 
pump they were amazed. When the pump 
handled their sludge and grit, they were im- 
pressed. Currently the plant has several 
Discflo Pumps. ..and they are satisfied with 
the return on investment received. 

Chemical/Petrochemical 

For over ten years at a major petro-chemical 
plant in Texas, the pumps used to transfer 
filter cake slurry to disposal containers expe- 
rienced frequent failures and excessive repair 
costs. The slurry was routed to disposal 
containers using progressive cavity type 
positive displacement pumps. Since it was 
impossible to strain out entrapped material 
from the thick slurry, solid foreign matter 
would gouge or tear the rotors. Shutdowns 
were required once or twice a week, at an 
average of $650.00 for parts and labor. A 2 
week run was considered good, and there 
were up to 5 hours of lost production. Dis- 
posal costs for the sludge were also high. 

To resolve these problems the plant’s engi- 
neers installed a Discflo Disc Pump. After 4 
years of run time it performed so well, they 
ordered two more disc pumps. After a year 
and a half, the pumps were operating without 
any problems. Maintenance costs are essen- 



Caustic and abrasive concrete slurry is not a 
problem with Discflo Pumps. 
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tially nil. ..resulting in a savings estimated at 
$65,000 per year. In that time there were no 
mechanical failures or shutdowns to replace 
worn parts, and no lost production. 

A major Bakersfield, California oil field op- 
erator has found that Discflo pumps deliver 
more than a three for one advantage. Prior to 
discflo this company used three large pro- 
gressive cavity pumps to transfer wellhead, 
oil, sand and water slurry. They commis- 
sioned an 8 month extensive test of Discflo 
versus progressive cavity pumps. Their find- 
ings showed that for the same service: the 
progressive cavity pumps cost over $63,000 
in parts plus labor, plus production shut- 
downs. In 4 months of testing the progressive 
cavity pump failures lead to 3 oil field shut- 
downs. Conversely, Discflo had zero break- 
downs, zero maintenance costs and zero pro- 
duction down time. 

“Our impossible service eats pumps alive. 
Not only does the high gas volume stall our 
pumps, the abrasives wear them out at an 
astronomical rate.. ..one repair every two 
weeks per pump. “We’ve tried every pump 
we know of to no avail.” That was before 
Discflo. One Discflo Pump replaced two of 
their “best” constant maintenance pumps and 
for the last 2 years Discflo has sold no spare 
parts to this Canadian oil refiner. 

Food and Beverage 

For years a fruit juice company had suffered 
through continuous failures of their progres- 
sive cavity pumps. Their boneyard had piles 
of stainless steel pump skeletons. The incom- 
ing mash of high viscosity grapes, juice, 
skins, seeds, air and stems was just too much 
trouble for the progressive cavity pumps to 
handle. Their plant engineer found it hard to 
believe when from day one, a Discflo pump 
replaced two progressive cavity pumps and 
exceeded the juice company’s requirements 
while requiring zero maintenance. 

A sugar company has turned Discflo into a 
competitive advantage. After installing a 
Discflo pump, maintenance costs were 
greatly reduced and they greatly benefited 
from Discflo’ s no shear pumping technol- 
ogy. Now 99% of the pumped sugar meets or 
exceeds premium grade quality standards. 


One of the world’s largest snack food suppli- 
ers used to have trouble transferring cooked 
corn for processing into corn and tortilla 
chips. It was normal to have 12-17% product 
breakage for lobe type pumps and air pres- 
sure transfer. After one year of research and 
in-plant tests Discflo pumps gave incredible 
results... less than 0.2 percent breakage, re- 
sulting in a very significant 92% savings in 
product degradation. 

Cement 

Hawaii, California and Detroit cement plants 
all had the same problem. How do you get a 
pump to pump a cement truck washout for 
recycling? The pumps these plants were 
using constantly wore out while trying to lift 
sand, rocks and cement up from a pit to the 
recycle tanks. Discflo Pumps were installed 
and have been operating for the past decade 
without any pump-related failures. 

“How can we pump recycled cement slurry 
fast and without pump downtime? This was 
a problem that went unsolved until we bought 
a Discflo Pump.” says the manager of a 
transit mix company in California. 

The slurry is often thick and is always abra- 
sive. This always spelled death for all the 
normal technology pumps we tried. More 
than 2 years ago we purchased a Discflo 
Pump that uses a revolutionary boundary 
layer/ viscous drag technology instead of the 
normal push principle. Since that time the 
Discflo has successfully pumped whatever 
we feed it. No matter how thick or thin, the 
Discflo runs and runs and runs. In over 2 
years in this service we have not needed to 
replace any parts. It’s an amazing pump and 
we’re sold on it!” 

Printing 

A printing machinery manufacturer in Penn- 
sylvania made a breakthrough when they 
switched pumps. “The diaphragm ink pumps 
required constant maintenance. Discflo 
handled that without any problem.” The real 
surprise to the production manager was the 
quality enhancement. "We used diaphragm 
pumps because of their supposed low shear. 
When we converted to Discflo the ink color 
brightened noticeably to the eye. No shear 
Discflo pumping made the difference.” 
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Seeing is believing. A booth set up at a trade show lets the pumps virtually sell themselves. There 
will be a Discflo exhibit at the upcoming Tesla conference in July. 


A major paper coatin g company told Discflo: 
“Your pumps have eliminated shear in our 
dilantant Calcine clay paper coating opera- 
tion. This not only translates to higher quality 
paper, but also to significantly decreased 
costs. Discflo gives us a considerable com- 
petitive advantage!” 

The Cutting Edge 

Not content to rest on its laurels, Discflo is 
constantly seeking out new applications to apply 
this amazing technology to. In order to meet the 
challenges of tomorrow, the Discflo non-metal- 
lic pump was developed. In today's manufactur- 
ing sector, there is an explosive growth in the 
fieldof aggressive fluids. .and a growing needfor 
high safety assurance. The non-metallic pump is 
a proven success in resistance, performance and 
application. Many of the same features in the 
standard pump are carried over in the non-metal- 
lic pumps. 

In addition to the horizontal pump, they have also 
developed a totally integrated range, such as self- 
priming pumps, vertical pumps, sump pumps and 
armored pumps for extreme conditions. 

Battle of the Patents 

In 1913 Nikola Tesla was awarded US Patent No. 
1,061,142 for the Bladeless Pump. Lacking 


resources, Tesla was unable to commercialize or 
to do extensive testing on his bladeless pumps. 
The world had to wait half a century before some 
serious and unprecedented experiments led to the 
Discflo pump — experiments that proved the ex- 
perts wrong and went far beyond Tesla’s claims. 

Today, Max’s company, Discflo Corporation is 
the sole patent-protected manufacturer of the 
revolutionary rotary disc pump. Discflo pumps 
are covered and protected by United States and 
foreign patents. These patents cover optimum 
designs of the discs, castings and relationship 
ratios. They also cover the spacing of the discs 
in relation to the range of fluid requirements. 

It took eleven years of filing documents, confer- 
ring with officials and countless trips to the 
Patent Office in Washington D.C. to convince the 
authorities that the use of boundary layer technol- 
ogy proposed in Max Gurth’s patent claims de- 
scribed a new concept — differing from earlier 
patents dating back to the late part of the 19th 
century. 

Throughout this decade of effort the so-called 
boundary layer technology experts claimed that 
the concept of increasing the space between the 
discs beyond 0.025-inches would simply cause 
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the discs to spin ineffectively. They surmised 
that if the spacing was opened up, energy would 
not be transmitted efficiently from the spinning 
discs to the fluid surrounding the discs. Research 
by Mr. Gurth established that this was not the case 
and, in fact, the spacing could be opened up to 
several inches (as much as 19" or more!) without 
causing the boundary layer principle to fail. Max 
Gurth proved them wrong and went on to win the 
initial patents. He has gone on beyond all of this 
to secure nine patents in the United States and 
abroad with additional claims pending. 

It is a testimonial to the strength of Max’s patent 
claims that there have been no successful chal- 
lenges to his claims. Due to his diligence and 
attention to detail, Max was able to do the impos- 
sible and bring to full fruit the realization of 
Tesla’s dream. 


The Bottom Line 

It was a pleasant surprise to us that the market and 
product was so well developed in the field of 
bladeless (rotary disc) pumps — especially when 
all of the information we had received was to the 
contrary. 


Many of the testimonials used were verified 
independently by phone calls from the staff at 
Extraordinary Science. Our verification of the 
testimonials, an on-site visit to the manufactur- 
ing facility and the delivery of a rotary disc pump 
to the museum within two weeks gives us the 
confidence to report to our readers that these 
Discflo pumps are real and available 
commercially. SRE/JYV 


For information on Discflo Pumps contact: 
Extraordinary Technologies, Ltd 

PO Box 5382 ” 

Colorado Springs, CO 80931 

(719) 632-6779 


Register TODAY III 

1992 International 

Tesla Symposium 

(719) 475-091 8 or FAX (71 9) 475-0582 



Inventor Profiles: 

MAX GURTH... 

Bladeless Pump Pioneer 



Max Gurth is the inventor of the revolutionary 
Discflo Pump, the commercially-viable advance- 
ment of the disc pump concept. Max has been in the 
design engineering and manufacturing business since 
his start in the equipment manufacturing business in 
1965. 

From 1970 to 1979, he owned and operated Brown 
Tool Engineering, Inc. which machined and as- 
sembled the Centaur and Mars turbines for Solar 
Turbines Inc. Brown Tool Engineering also manu- 
factured aircraft and marine parts for such customers 
as Boeing, McDonnell Douglas and the US Undersea 
Lab. Brown Tool employed as many as 300 people. 

Early in the 1970s, Max became aware of boundary- 
layer technology and his advancement of this concept 
led to his development of the commercial disc pump. 
Max was profoundly impressed with the market 
potential for his pump and in 1976 began to shift his 
efforts more and more toward the development and 
manufacture of the rotary disc pump. At this time, he 
founded Dicflo Corporation and became its President 
and CEO. For the past fourteen years, he has been 
engaged in the design, development and patenting of 
the Disc Pump and related technologies. Totally 
committed to Discflo — he has divested himself of all 
outside interests — Max has been the driving force 
behind the incedible success of the Discflo 
Pump. SRE/JW 
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Unraveling the Web... 

Debunking the Mythical 

Possell Bladeless Tbrbine! 

by: The Plumbing Staff 

at Extraordinary Science 


The Society's Position 

The greatest impediment to the implementation of 
new technology is the appearance of “charlatans and 
scoundrels,” in the field of interest. The broad fields 
encompassed by Tesla T echnology are no different. It 
has been brought to the Society’s attention that there 
are a number of charlatans operating under the um- 
brella “Tesla Technology” and implying that they are 
endorsed by the Society. 

We wish to remind our members that the Society is 
merely a platform on which new and unusual ideas 
can be presented. These presentations do not repre- 
sent an endorsement or proof that this is a “good” 
idea — and we caution our members to be prudent in 
any transaction involving money. 

Through our magazine, Extraordinary Science , we 
introduce our membership to many new ideas and 
concepts. Unfortunately, new and little understood 
concepts form a target of opportunity for charlatans, 
to bilk millions out of unsuspecting investors, many 
who are willing to put their neck on the line for 
altruistic (yes there are still some that have these 
ideals) and great financial rewards. In an effort to 
give our members a more accurate picture of cutting 
edge technology we feel that it rests with us to inform 
our m embers when we uncover fraud, misrepresenta- 
tion and misinformation in a Tesla-related field. 

We are not intent upon becoming a National 
Enquirer, or a gossip mill. Information presented in 
our expose articles will use legal documents, news 
articles and — in some. cases — written testimonials 
and statements from parties actually involved. 

In the rare case where you may have evidence of fraud 
or misinformation related to Tesla Technology or a 
related field, send it to us. We will check it out to the 
best of our abilities, and if it appears to have merit, we 
will publish our findings. Anonymity will be main- 
tained except in the case of testimonials which will be 
used to help verify claims. Your concern could help 
save a fellow member from making a tragic mistake. 


The Bladeless Turbine Myth Exposed 

At the 1986 International Tesla Symposium, Jake 
Possell m ade his premiere presentation on the virtues 
of the Tesla Turbine and the work that he has accom- 
plished on it. During this lecture, Jake introduced us 
to new concepts such as the Phalanx aircraft of which 
he stated there were five in existence and they were 
going to be in the air by the end of the year. He regaled 
us with anecdotes of tests on the turbine which proved 
how reliable it was... and he informed us about his 
invention... the bladeless pump. 

In 1990, Jake came back for a repeat appearance at the 
urgings of Jeff Hayes, author of Boundary Laver 
Breakthrough . Jeff had learned about Jake’s mag- 
nificent turbine from an audio tape of the 1986 
Symposium. Impressed, Jeff personally transcribed 
the lecture and put it in the July/ August/September 
issue of the Journal of Power and Resonance , the 
International Tesla Society’s newsdigest at the time. 
Early in 1 990, Jeff went to California to meet J ake and 
see this marvel for himself. After sending back 
glowing reports of Jake’s work, Jeff Hayes returned 
to Colorado Springs to finish his book on the turbine. 

At the 1990 symposium, once again we were mes- 
merized with stories about this wondrous turbine. 
This time there was an added twist... the Tesla 
Turbine was nearly ready for production. Tire catch. .. 
they needed orders for 50 turbines, and they only had 
orders for more than 25. Each order placed was to 
have a $25,000°° down payment. To accelerate the 
process, Jake’s associates went to the 1990 Osh Kosh 
Air show to promote and sell the turbine. 

Now, it is 1992. There are no Phalanxes in the air, 
and it is doubtful that Jake ever built a prototype 
turbine engine that ever worked! Instead, it is 
beginning to appear that we may have been duped. 

After the symposium, we were receiving phone calls 
from members wanting to contact Jake Possell. The 
information was published in Extraordinary Science . 
Then we began receiving complaints that Jake never 
returned their phone calls and was never there to take 
them. In 1991, when Jeff returned from California, 
we queried him on that issue. Jeff indicated the 
probable problem was that Jake had sold his rights to 
the Ali Baba to a Japanese firm and retired from the 
turbine/pump business. 

In March of 1 992, we received a phone call from Max 
Gurth, inventor and holder of the Discflo patents. 
Max had learned about the Society through a legal 
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action he was pursuing with an Asian corporation 
whom had the misfortune to become associated with 
Jake Possell. The Asian corporation had built pumps 
to Jake's specifications, but they did not perform in 
the abrasive applications for which they were de- 
signed. The Asian company faces financial ruin and 
a bleak economic future because of their faith in Jake 
Possell. 

Realizing the seriousness of the situation, the Society 
started investigating the activities of Jake Possell and 
associates. What began emerging was a mind- 
boggling sequence of events that seemed so incred- 
ible that it could have only come out of a novel. To 
simplify the process, a timeline of various transac- 
tions that Jake and/or his various corporations have 
been involved in has been outlined. We have only 
used written material to establish this timeline — the 
source is on each item. 


We are still receiving material on many of the inci- 
dents that have been alleged in the timeline. One of 
the more critical is the geothermal station at Fallon 
(Nevada) Naval Station. A Senate investigation into 
that contract was to have taken place. One of the 
Senators from Colorado has been contacted for veri- 
fication on the Senate hearings and a transcript (or 
summary report) of that Senate investigation. We 
will let you know his reply. 


The Society is not making a determination of guilt or 
innocence. In fact, Jake should be presumed innocent 
until a court of law determines otherwise. We are 
presenting information from official documents, 
memos, and previously published material that we 
believe the readership of Extraordinary Science 
would be interested in having before proceeding on a 
business venture concerning bladeless pumps and 
turbines. TPS 
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Jake Possell Timeline 

Jan 1973 - Letter (1/26/73) from the Law Offices of 
Howson & Howson to Roy Stiger of Sprout, 
Waldron & Company indicates: 

Possell Patent #3,279,170 was reviewed by 
the law firm. The claims of the patent were 
limited to a rotary turbine compressor having 
the plurality of disc rotors and fuel burners as 
described in the patent. The law firm specu- 
lated that Possell may have tried to obtain 
claims to the air or liquid movement by such a 
device but may have been precluded by Patent 
#1,061,142 granted to Nikola Tesla in 1913. 
As of December 6, 1 972, the record title to the 
patent was to Jake Possell. 

Mar 1976 - Order Suspending Trade Issued (March 3): 

Order #3014044 was issued suspending trade 
of General Ener-Tech for 10 days in the public 
interest and for the protection of investors. 

Jan 1982 - An Industrial Revenue Bond Application 
was filed January 21, 1982: 

Filed on behalf of General-Ener-Tech, bond 
was to be used for the construction of a pump 
manufacturing plant. 

May 1983 - Claim published in Wall Street Journal 
(5/3/83): 

General Ener-tech Inc. received an Si 8.1 mil- 
lion Navy contract for geothermal equipment. 
(This contract may have never been issued!) 

July 1983 - Article about Jake Possell written by Doug 
McMillan in Gazette- Journal (7/17/83), 
“Navy aims to tap Fallon’s geothermal re- 
sources” touted the Naval contract which was 
allegedly awarded for geothermal energy. (In 
reality, this contract may have never been 
issued.) 

Letter of Intent to file a stockholders lawsuit 
(7/21/83) alleged: 

General-Ener-Tech entered into a secret 
agreement with Admiral Research and Devel- 
opment Corporation. This agreement effec- 
tively diluted stockholder equity and future 
profit. It was executed unlawfully without a 
stockholders’ meeting nor any notice to stock- 
holders. 

In 1977, General Ener-tech officers — Possell 
and McAllister — entered into a transaction 
involving Western Engineering Corporation 
and during the course of this transaction the 
value of Western’s machinery was fraudu- 
lently inflated through the use false and forged 
appraisals. 
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General Ener-Tech had not caused an account- 
ing nor proper certified financial statements to 
be given to stockholders since 1979/80. 

The officers of General Ener-Tech have not 
properly accounted to the shareholders for the Aug 
proceeds of over 4 million shares of General 
Ener-Tech stock sold between the annual 
stockholders meeting of 1982 and 1983 — the 
sales figure was admitted to by the officers at 
the April 1983 annual stockholders meeting. 

General Ener-Tech field tested their product at 
Heber, California with the results being a 
failure. The results have never been conveyed 
to the buying public or stockholders in any 
way as required by laws governing public 
corporations for the protection of the stock- 
holder and public. 

Corporate officers Jake Possell and J.S. 
MacAllister conspired to commit Grand Theft 
against the stockholders of General Ener-Tech 
by causing some 600,000 shares to be reissued 
in Jake Possell’s name when in factPossell had 
given up the stock under certificate #2070 in 
1975 to Misters D. Del Grande and A. Doria. 

The said stock was being held as collateral for 
payment of monies owed to said Doria and Del 
Grande. 

Possell issued a letter at that time instructing 
Del Grande to accept and transfer the 
collateralized stock as he could not pay the 
amounts then due. Said 600,000 shares of 
stock were transferred by said Del Grande and 
Doria into Hispanic names which Doria and 
Del Grande controlled with the full knowledge 
of Possell and MacAllister. 

In the meantime Del Grande and Doria both 
died prior to 1979. In 1979 Jake Possell 
supposedly discovers four years later that his 
stock certificate #2070 has been stolen. How- 
ever, said Possell and MacAllister did cause a 
replacement stock certificate to be issued to 
Possell for the original 600,000 share amount. 

In May 1981, the FBI, while investigating 
another matter, was suspicious of a large 
amount of General Ener-Tech stock offered 
for sale on the Salt Lake City Exchange. The 
FBI traced this stock back to the original 
certificate #2070 and contacted MacAllister 
and Possell to inquire as to this certificate 
#2070. MacAllister and Possell used this 
opportunity to report the stock certificate 
#2070 as stolen and made a theft report to the 
FBI in 1981... 6 years after the stock was 
actually transferred. The theft was reported 
to the FBI as being committed by the now 


conveniently dead Misters Del Grande and/or 
Doria. A stop transfer list supplied to brokers 
dated April 31, 1977 made no mention of this 
certificate #2070 being stolen. 

- Letter (8/2/83) from Richard van Aken 
(consultant to General-Ener-Tech) to Tom 
Tratt (Economic Development Director, 
Placer County, California) indicates: 

The consultant who applied for an Industrial 
Revenue Bond Application to build a manu- 
facturing plant in Placer County which was 
filed January 21,1982 rescinded and withdrew 
the application. After uncovering numerous 
detrimental documents, the consultant made 
numerous attempts to contact Jake Possell and 
other corporate officers for clarification, but 
was unable to make contact. His stated reason 
for withdrawing the application was in his own 
words: 

It has been brought to my attention, and after 
the perusal of many documents , I am firmly 
convinced that this exercise has been nothing 
more than a successful endeavor by the above 
named company [General-Ener-Tech] to sus- 
tain over a period of time an open Bonding 
Application, which they could refer their cus- 
tomers to ...I do not wish to be an unwilling 
dupe in this type of action... 

By keeping the bond application open, it 
would keep the company’s stock price artifi- 
cially inflated. 

Letter (8/3/83) from Richard van Aken (consultant to 
General-Ener-Tech) to George Yanase 
(California Department of Corporations) 
indicates: 

The consultant who applied for an Industrial 
Revenue Bond Application in Placer County, 
explained that he had withdrawn the applica- 
tions due to improprieties and his belief that 
the pump manufacturing plant was never in- 
tended to be built. 

Furthermore, Richard revealed that he had 
many conversations with Possell and others in 
upper management about the feasibility of 
Bahamian banking, and tax advantages of 
corporate operations outside the United States. 
These discussions, coupled with the an- 
nouncement of their funding a Bahamian 
Company and a trip to England by Jake 
Possell, led Richard to conclude that the 
money was going to go offshore. 

Memo (8/14/83) from Charles Schaub 
(stockholder/investigator) indicates: 
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A planned “Stockholder’s Derivative Action” 
lawsuit outlined in the Letter of Intent on July 
21, 1983 was NOT filed due to the following 
reasons: 

Cost of Lawsuit; 

Length of time for suit to reach courts for 

compliance; 

California authorities accepted the matter 

for investigation and possible prosecution. 

Memo (8/17/83) from Charles Schaub 
(stockholder/investigator) indicate: 

The Industrial Revenue Bond application and 
approval for the General Ener-Tech Inc’s pro- 
posed Rocklin plant was withdrawn and re- 
scinded. Another industrial revenue bond 
filing in Oneida County, state of New York is 
also suspect. 

There is strong evidence that a United States 
Senate investigating committee held hearings 
into the awarding of contract N62474-82- 
C1035 for energy at Fallon Naval Air Station 
in Nevada to General Ener-Tech, Inc. It 
appears that General Ener-Tech officials may 
have lied and/or withheld information before 
this Senate Committee. 

The United States Department of Energy pro- 
vided funds for the General Ener-Tech 
bladeless turbine to be tested. The tests were 
conducted by Livermore Laboratory and 
Stanford University. The findings were that 
the bladeless turbine tested did not work. 
These were the same results as previously 
obtained from tests run at Heber, California by 
Chevron. 

The suspension order #30 14044 issued March 
3, 1976, could not be reinstated because Gen- 
eral Ener-Tech WAS NEVER AUTHO- 
RIZED TO ISSUE, TRADE, or SELL SECU- 
RITIES in California!!!!! 

Oct 1983 - Richard van Aken (former General Ener- 
Tech consultant) filessuit according to The 
Sacramento Bee (11/11/83): 

Van Aken stated in the lawsuit that General 
Ener-Tech used him and his firm to create a 
false, misleading and unlawful market in the 
securities of the firm without any reasonable 
possibility of obtaining financing or bonds... 
Van Aken charged that General Ener-Tech 
refused to provide information or supplied 
false, untrue and misleading information to 
him and Placer County officials. 

Nov 1983 -California Halts Trading in General Ener- 
Tech according to The. Sacramento Bee 
(11/11/83): 


On November 9, 1983, the California Depart- 
ment of Corporations suspended over-the- 
counter trading of the stock in California be- 
cause the corporation had not filed current 
financial information. 

Mar 1984 - Article about Possell written by Tom 
Valentine appears in Spotlight. 

Tesla’s Turbine Technology Now a Reality 
touted the Naval contract which was allegedly 
awarded for geothermal energy. (In reality, 
this contract may have never been issued.) 

Jul 1986 - Jake Possell lectures at the 1986 Interna- 
tional Tesla Symposium. 

Jake claims tests prove safety and reliability of 
turbine. Super aircraft using the turbine are to 
be in flight by the end of the year. 

Mar 1988 - Article featuring Possell among others 
written by Bill Lauren appears in Omni . 

Rediscovering TESLA touted the Naval con- 
tract which was allegedly awarded for geo- 
thermal energy. (In reality, this contract may 
have never been issued.) 

Letter (3/2/88) from Jake Possell to David Wilson 
(potential customer) claims: 

That Jake prefers join ventures instead of 
licensees because he has several licensees 
whom he now considers infringers. Jake has 
offered Chrysler motors a bladeless turbine 
engine twice and they turned it down. Jake is 
using a 12VDC Panasonic pancake motor to 
drive an automotive water pump. Jake finally 
claims he is having a turbocharger made in 
China and shipped no-duty since the Chinese 
have Most Favorable Trade arrangements 
with the USA. 

Sep 1989 - Article featuring Possell appears in the 
International Tesla Society’s Journal of 
Power and Resonance (Jul/Aug/Sep 1989): 

Technological Breakthroughs of the Tesla 
Turbine was transcribed by Jeffery Hayes 
from a tape of Possell’s lecture at the 1986 
International Tesla Symposium and published 
in the Society’s newsdigest. 

Feb 1990 - Jeff Hayes visits Jake Possell in California 
for the purpose of writing a definitive book 
on the Tesla Bladeless Turbine. 

Apr 1990 - Jake Possell proclaimed the leader in the 
world’s pump technology! 

Jeff Hayes returns to Colorado Springs and 
states that Jake Possell leads the world in pump 
technology! He finalizes his book, Boundary 
Laver Breakthrough — the definitive book on 
boundary layer technology. 
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Jul 1990 - Jake Possell lectures at the 1990 Interna- 
tional Tesla Symposium* 

Jake Possell speaks at the 1990 International 
Tesla Symposium Colorado Springs. Jeff 
Hayes receives B oundary Layer Breakthrough 
from the printer and begins to market them at 
the conference. 

Aug 1990 -The Possell Bladeless Turbine Jet Engine 
is marketed at the Osh Kosh, Wisconsin Air 
Show. 

Selling price was $50,000 with 50% down. 
Production is to start when 50 orders are 
received. Claims were made in Possell’s 
literature pack that the compressors were de- 
veloped 25 years ago and extensively tested. 
Further claims were made that they had sold 
over twenty-five turbines already. 

Feb 1991 - Jeff Hayes resigns from Board of Directors 
of the International Tesla Society. 

After the Board of Directors asserted its edi- 
torial oversight and required all Directors to 
attend the monthly board meetings to maintain 
their directorship, Jeff resigned from the 
Board. 

Jul 1991 - Jake’s Retirement????! 

Jeff Hayes returns to Colorado Springs and 
claims that Jake has retired from the pump 
business after selling Ali Baba manufacturing 
rights to a Japanese firm. 

Apr 1992 - The Unraveling of the Web!!!! 

The International Tesla Society learned of 
Max Gurth — patent holder and manufacturer 
of the pumps. An on-site inspection by JW 
McGinnis of Max’s manufacturing facility led 
to further investigation into Jake’s activities. 
After listening to numerous complaints of 
Jake’s customers — including the Asian busi- 
nessman who lost of thousands of dollars — the 
Society decides to expose this possible fraud! 


YOUR AD COULD HAVE 
APPEARED HERE 


High Energy Enterprises, Inc 
PO Box 5636 
Security, CO 80931 

VOICE: <71 9) 475-091 8 FAX: (71 9) 475-0 582 


PLASMA DISCHARGE 
BEAM TUBE 



THE RIFE 

FREQUENCY RESONATOR 
FROM SUPER SCIENCE 


Super Science introduces the 
Plasma Discharge Beam Tube as 
an option on the Rife Frequency 
Resonator. The Beam Tube uses 
the ionization and subsequent 
plasma of Argon, Helium, and other 
noble gasses to radiate the Rife 
frequencies into the body of the 
experimental subject! For a com- 
plete info pack on this exciting Rife 
technology, send $5 00 along with 
your name and address to: 

SUPER SCIENCE 
PO Box 392E 
Dayton, Ohio 45409 

(513) 298-7116 

Technology for the New Age 
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The Mythical Tesla Turbine... 
Current Research and Results!!! 



I will bring to the symposium two, 
perhaps three, Tesla turbines for 
demonstration purposes. 

Engine l: 

The first engine 1 built, and even 
in it’s crude form we will demon- 
strate the effects of viscosity 
against the disc. For this purpose, 
we will show the various disc that 
we tried in the turbine, which ones 
worked well, and a few which did 
not work as well, and explain why. 

Engine 2: 

On engine 2 we will show the 
change in placement of the injec- 
tors as it relates to Engine 1. We 
will demonstrate the difference in 
the blade configuration, and the 
various test we undertook with 
the blade placement, such as gap, 
thickness of the blades, exhaust 
ports, and rotor to end cap place- 
ment. 

We discovered that the same vis- 
cosity that occurs between the 
blades also occurs against the 
walls on either side. To relieve 
this viscosity, Tesla designed spe- 
cial patterns in the end casings, 
and by placing a labyrinth half on 
the blades, and half on the casing 


-*dk!L 

i - - • 


he was able to keep the back pres- 
sure from going directly to the 
shaft. By doing this it causes back 
pressure on both end caps forc- 
ing the flow to take the path of 
least resistance which is down 
through the blades. We know this 
because we tried it. 

To know if this effect actually 
functioned we built Engine 2 with 
no rings inside, and then ran a con- 
tinued test of 80 psi, it gave us a 



net result of 20,000 rpm. The 
engine would not climb past that. 
Then we grooved both end caps 
in a specific manner indicated by 
Tesla in his patents. The rpms 
climbed to 30,000 rpm at the same 
pressure of 80 psi. 

That is not to say that the engine 
was topped out, for under another 
controlled test — 125 psi, it topped 
well over 65,000 rpm, at which 
point small imperfections in the 
milling process showed up dra- 
matically. At this point you have 
to go back to the bearings. 

We have found that in certain ap- 
plications, such as Engine 1, that 
splitting the exhaust port, afford- 


ing half of it to go through a hol- 
low shaft which goes to the bear- 
ing compartment, will keep your 
bearings cool. 

Conclusion: 

We hope to demonstrate that there 
is more to the Tesla Turbine than 
Tesla gave us information on. The 
only way to perfect this engine is 
to do experiments, read between 
the lines, and try to see it from 
his mind's eye. 

We will give a brief on how we 
came in contact with information 
on the Tesla turbines, and give an 
explanation of the first two tests 
that I performed to find out about 
viscosity, and it’s effect on highly 
polished surfaces. 

You can expect a basic overview 
of a functioning Tesla Turbine. 
Operational theory and construc- 
tion tips will be liberally sprinkled 
throughout the demonstration and 
presentation. 

The proper way to research Tesla 
is by experimentation. One of our 
goals in the future concerning the 
Tesla turbine is to thoroughly 
study the master-Nikola Tesla! ! ! 



International Tesla Society, PO Box 5636, Colorado Springs, CO 80931 
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WANDERING STAR 

“Independent Research Craft” 

by Jerry LaBine & Doris Sewell 

83-480 Avenue 45 #1 6 
Indio, CA 92201 


Introduction 

The Wandering Star is a high flotation, alternative 
energy, experimental river craft. It has taken 8 
years of design and over 3 years of construction to 
reach 90% completion. The propulsion system is 
electric over hydraulic, and the prime movers are 
high speed hydraulic jet pumps. No combustion 
fuels are used. We are designing variationsof Tesla 
technology for our experimental river craft. 


The onboard systems on the Wandering Star will be 
tested in the very near future. We have chosen the 
Mississippi River for our testing site. A few of the 
systems to be researched are: 


-Photovoltaics 
-Air Conditioning 
-Electrical Storage 
-Solar Ovens 
-Compressed Air 
- Tesla Technology . 


-Hydro generators 
-Solar Hot Water Systems 
-Hydraulics 

-Four-Way Rudder System 
-Water Purification 


Design and Construction 

Jerry and I are individuals, and are not involved with 
any organizations or groups. In August 1990, we 
were looking for a retirement vehicle. A motor 
home costs way too much, and the gasoline to 
power it would eat us up. We discussed this 
problem for several weeks, along with alternate 
energy theories, possible w'ays to achieve an ultimate 
power source, the universe, politics, etc. 

Eight years prior to meeting me. Jerry had begun 
refining plans for an electric river craft. When he 
mentioned these plans, we changed it to meet both 
of our needs. We came up with the namcWandering 
Star. The Wandering Star Research Craft came 
into being when we discussed all of the theories we 
w anted to research. 


In October of 1 990 we rented a shop in order to start 
construction. Jerry had already made a model out 
of balsa wood. We started on the frame. 

The frame was designed like an aircraft frame. It is 
composed of 1 " thin wall square tubing, and gusseted 
with attention paid to the hard points. ( Hard points 
is the terminology used in the aircraft industry 
where one would use heavier than normal gussets 
with either a hole or a bolt coming out of it for the 
purpose of attaching objects to the frame such as 
struts, boxes, etc.) Special welding techniques were 
incorporated into the frame to reduce any vibration 
and stress points. The frame by itself weighs 300 
lbs. With only two strips of carpet keeping the 
frame 1/4-inch off the floor, it took both Jerry and 
myself jumping simultaneously and hitting firm 
onto the frame to get it to tap the floor. We gave the 
frame an acid bath, and painted it with epoxy. 



A Dream of a Lifetime! The Wandering Star is a high 
flotation, alternative energy, experimental river craft which 
has been under construction for the past three years. 
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The Mythical BladelessTurbine. 

After hearing rumors on both sides 
of the Tesla Turbine controversy, 
Jerry set out to build and test his 
own. After reviewing the test data, 
he has determined that the turbine 
is worth pursuing. He is nowgetting 
ready to build a steam turbine. We 
will keep you appraised of the 
results! 


Testing our Tesla Turbine 

At this point, Tesla power is under investigation, 
with experimentation going on this very minute. 
A fter reading many books, and articles pertaining to 
Tesla’s boundary layer turbine we decided to build 
one of the motors. Our first crude motor which you 
see here, reveals such outstanding possibilities that 
we decided that we would conduct in-depth research 
of our own. At this point we can honestly say that 
Tesla's boundary layer motors and pumps will be 
used on board the Wandering Star. 

The circumference of the motor is 6" in diameter. 
The inside chamber is 5" offset. End caps are 1/2" 
thick. The center chamber is l-l/4"wide. The bolts 
are stainless steel and the bearings are aircraft 
sealed pack ball bearings. The shaft is 1/2" stainless 
steel. The rotor disk which is the main carrier is 
stai n less steel and we lded to the shaft. The secondary 
disk (of which there are 4) are supported by the 
carrier disk. 

The carrier disk of stainless steel has 3 taps in it and 
is 4- 3/4" in diameter and l/8"thick. Thesecondary 
disk’s are 4-3/4", in diameter with a 2" hole in the 
middle that is 1/8" thick, with 3 corresponding holes 
around the 2" diameter that corresponds to the taps 
on the carrier plate. When the rotor is assembled 
disks are stacked with a 1/8" spacer between. The 
outer injector ring has a3/8" inlet, and four injectors 
with a 1/16" bore. Two gaskets, and two angle 
plates serve as the base. 


When the motor was operated on regular faucet 
pressure it yielded 850 rpm at a flow of 5 gal. per 
minute. Notimpressive — butitmoved! Wecleaned 
it up and ran an air test. Even though we were 
astounded by its performance, and had run a variety 
of tests, we found that our pressure reading at the 
regulator on the wall was showing 1 10 lbs.. By 
putting a gage at the motor we soon realized we 
were only getting 30 lbs. of air pressure at the 
motor. With this revelation we were stunned! 

Thiscrude-builtquickiemotorhad been performing 
as high as 1 4,800 rpm, the torque was so much you 
could not hold it when air was applied!!! What will 
it do if the full 1 10 psi were applied. The results of 
that test will be disclosed at a later date, as the test 
is a near future event. 



The T esla turbine packs a lot of punch in a small package. 
Many since Tesla have built compressed air models.. .the 
real test is to make a steam or gas turbine! 
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The Tesla Turbine.... 

An Exploded View 

1) This prime mover with flat discs instead of bladed 
surfaces was crudely built with very little attention paid to 
tolerances. As a result, efficiencies are somewhat less 
than optimal. In this unit, 30psi of compressed air yielded 
14,800 rpm. (right) 


3) Main Rotor Chamber. At the top of the picture are the 
injector ports. Air (in future turbines, steam) is injected on 
the circumference of the rotors by means of these ports. 
The air/steam then spirals to the center of the chamber 
where it exits through the exhaust, (right) 


5) Exhaust ports. The Tesla turbine is exhausted 
through the center of the motor. According to Fritz 
Lowenstein (Tesla's assistant), the thermodynamic work 
being done by the steam on its free spiral path through the 
rotor is a feature unique to the Tesla turbine! (right) 


2) The end plate and seals. This prime mover with flat 
discs instead of bladed surfaces was crudely built with 
very little attention paid to tolerances. In this unit, 30psi 
of compressed air yielded 14,800 rpm. (left) 


4) Rotor Assembly. Notice that there are 7 inside discs 
and 2 outside discs. (The outside discs are thicker. All but 
one disc is donut shaped. The support disc is welded to 
the shaft. The assembly is held together by three screws 
attached to the support disc, (left) 
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Super Steam — 

Power for the 21st Century 



Introduction 

With the rising cost of fuel in today's economy, and 
the ever-increasing pollution in ouratmosphere, the 
time has come for drastic measures to be taken. For 
over 200 years man has uti lized steam as a working 
force for many applications such as locomotion, 
heating food processing, cleaning, excavation, 
generation of electricity and so forth. 

Now, in the 1990’s, a new and bold energy system 
is ready for the ever-growing demands of the world. 
SST “Super-Steam Technology” is the answer to 
many of today’s ever increasing energy needs. 

What is SST? Simply put, SST is a system that 
produces steam at any pressure or temperature, 
instantly. 

What issteam used for in today ’s world? Ironically, 
almost every aspect of everyday life is affected. In 


addition to the uses listed above, are the operation 
of large factories, cooling, water distillation, and 
much, much more. 

With the SST system, steam can be produced 
instantly at any temperature or pressure without the 
need for water purification or huge conventional 
boiler systems. This differentiates SST technology 
as completely different from conventional boiler 
technology. 

SST System Benefits 

A single forty horsepower (40 HP) conventional 
boiler is approximately the size of a railroad tank 
car. The SST unit can be designed to operate from 
the size of a beverage can to any increased size as 
large as a house. An SST unit which is the size of 
a small shipping crate, can deliver the same BTU 
output as the aforementioned 40 HP conventional 
boiler. 

In the SST system, pressure and temperature are 
independent of each other. The temperature 
achieved by conventional boilers is dependent on 
the pressure. The SST system can instantly 
produce steam from virtually any temperature, from 
hot water at 180F, to super-heated steam at over 
3000F. It can operate at pressures from 1 pound(s) 
per square inch (PS1) to 3000PS1, or greater, with 
airflow volumes of I cubic foot(feet) per minute 
(CFM) to well over 2000CFM. 



Figure 1 . Norm Wootan takes 
some readings of the SST 
during a recent demonstration 
in Texas. One of the 
applications — the Tesla 
turbine — is shown in the 
foreground. 
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Figure 2. (left) Leonard Dorsett 
demonstrates the effectiveness 
of the SST In firefighting. With a 
miniscule amount of vapor, the 
SST can put out fires that can't be 
handled by regular firefighting 
techniques. 


Figure 3. (below) Rear view of 
the SST. Although the SST 
appears to be a relatively simple 
device, it packs an awesome 
punch! 


The SST system will operate on propane, methane, 
gasoline, kerosene, methanol, diesel, hydrogen, or 
any other combustible fuel, and it produces steam 
instantly. Virtually 100% of the fuel consumed is 
turned into usable energy, which means no pollution 
is exhausted into the atmosphere. It does not 
require hours of fuel consumption to reach operating 
temperature, as do conventional boilers. The SST 
system isover90% efficient, whereasaconventional 
boiler is approximately 40% efficient. The energy 
savings alone has far-reaching economic 
implications. 

The SST system does not require purified or treated 
water. It can take polluted water, salt water, or any 
other contaminated, liquefied material without doing 
any damage to the unit. Conventional boilers must 
have purified and treated water to operate. The 
SST system can instantly operate at pressures from 
1 PSI to 3000 PS1 with airflow volumes of 1 CFM 
to 2000 CFM. 

The SST system has no moving parts to wear out. 
With its ease of use, space saving installation, and 
high efficiency, the SST system is capable of 
supplanting any existing steam application today! 

Explanation of Operation 

The heart of the SST is a specially designed open 
throat chamber with controlled, air, water and fuel 
interaction and high voltage ignition resulting in a 
direct fire process establishing thermal zones. This 
creates a stoichiometric condition resulting in a full 
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Figure 4. The SST version of the Tesla turbine has 24 
stainless steel 18" discs. The turbine, driven by the SST 
BTU Converter with 350F saturated steam, operated at 
1000 rpm on its initial test run. 

spectrum of steam product. Selections may he from 
very dry to wet and supersaturated. 

Desired applications determine the type of air 
resource to be used. A blower is ideal for high 
volume and low pressure. A compressor will effect 
a full rangeof options, especially supersonic steam, 
as used with turbines. 

At the increased temperatures of steam... 
disassociation occurs. The hydrogen and oxygen 
reacts causing an exponential increase of energy 
resulting in super heated steam. It's interesting to 
note a similar superheat process was addressed by 
Tesla in the October 12, 1911 publication of the 
Engineering Mews Record. I'm sure Tesla would 
have liked what is now birthing, as we may now 
move forward with certainty. 

The Tesla Turbine 

One of the most exciting app! ications is the famous 
Tesla turbine which Tesla first developed. Here is 
a unique situation of a bladeless turbine where 
advancement since its beginning in 1909, lacked 
only a continuous steam source of power, and a 
steam generator such as the SST BTU Converter — 


which has now come to the forefront after industry 
has stagnated at the level of pressure boilers. 

Our Tesla-type turbine was designed and built in 
just two weeks for a May 2 1 demonstration. The 
housing is constructed of plate aluminum and sheet 
aluminum covers. The disc runners are made out of 
stainless steel and the shaft is built out of tool steel 
supported by two aircraft roller bearings. The 
design omits many features necessary for efficiency 
and power. This turbine, however as quick and 
dirty as it is, clearly demonstrates once again the 
Tesla principles for this technology! In some 
respects, the Tesla turbine seems to resemble the 
vortex refrigeration device. 

The Vortex Tube 

The vortex tube is an interesting device capable of 
providing both cooling and heating at the same 
time. Its source of energy is compressed air. It 
converts the compressed airflow into two streams 
of air, one hot and one cold. The amount of hot or 
cold air released from the outlets can be varied. For 
example, a unit with a 100 psi air supply at 70F. can 
be adjusted to cool half the air to -29F while heating 
the other half to 9 IF. 

Looking at Figure 5, we can see that compressed 
air enters at A. It then goes into a number of small 
nozzles where it will lose some of its original high 
pressure. As it expands, it moves at near sonic speed 
(velocity). 

Nozzles are arranged so that the air is injected 
tangentially (around the inner surface) to the 
circumference of the generation chamber. This 
makes the air swirl or spin like a cyclone. The 
control valve at the end of the hot air tube controls 
the flow of both the heated air and the cooled air. 
The position of the control valve determines how 
much air will leave the hot end and how much air 
will be forced out at the cold end. 


HOT OUTLET 



COLD OUTLET 


Figure 5. A schematic drawing of a vortex tube. A — Compressed air inlet. B — Control valve. (Vortec Corp) 



25 CFM OF COMPRESSED AIR AT 100 PSI AND 100°F. IS 
FED TO NOZZLES, ACCELERATES TO SONIC SPEED 


COLD AIR 
EXHAUSTS 



AIR ENTERS CHAMBER TANGENTIALLY, CREATES 
CYCLONE SPINNING AT 500.000 RPM 

75% OF AIR SPIRALS INWARD, EXPANDS AND COOLS TO 40°F. VALVE REGULATES 

REMAINING 25% OF AIR CHURNS H0T AIR FL ° W 

IN TUBE, HEATS UP TO 270°F. 



AIR TRIES TO SPEED UP TO 5,000,000 RPM WHILE SPIRALING 
INWARD, IS RETARDED BY AIR COLUMN IN TUBE, FORCIBLY 
TURNS COLUMN WITH 1/2 HORSEPOWER 


HOT AIR 
EXHAUSTS 


Figure 6. Diagrammatic view of vortex tube. Note flow of air at 100 psi and 100 F into nozzles. Air is exhausted at 
temperature of 40F at cold end. Cold air is shown by the broken line and arrows. (Vortec Corp.) 


There are two streams of spinning air going through 
the generation chamber. The outside layer moves 
toward the hot outlet and the inside layer moves 
towards the cold outlet. In this process, the air 
traveling through the center becomes very cold and 
leaves the vortex tube at the cold opening providing 
the required cooling. 

Vortex tube cooling has many different applications. 
Since it must depend upon the supply of compressed 
air at fairly high pressure, it is often used where the 
air exhaust — either hot or cold — for the vortex tube 
can be used for other purposes also. It is part ieularly 
desirable in locations where both ventilation and 
cooling are needed. A common application is the 
cooling of miners’ clothing in mines that are too 
warm for comfort. In most uses, the compressed air 
must be both clean and dry. 

Many industries use the vortex tube for cooling tool 
bits and in similar applications where the use of 
liquid coolants would be undesirable. It is 
particularly useful in installations where the stream 
of cold air may be used for both cooling and 
removing chips or in instal lations where the exhaust 
air will provide good air for the operator to breathe. 

Steam Jet Cooling 

Another application at where the BTU converter 
may excel is in cooling. In the conventional state of 
the art, the steam jet system consists mainly of a 
venturi in the steam jet ejector, a condenser, 
evaporator orflash chamber, chilled watercirculating 
pump, and condensate pump. The principle of 
operation is based on the fact that water under a 


high vacuum boils at a relatively low temperature. 
This causes evaporation to occur and reduces the 
temperature. However, since water is the refrigerant 
used in steam jet applications, only temperatures 
down to about 40F are possible. 

The steam jet system is used primari ly as a means of 
cooling water which will in turn be used for either 
comfort cooling or process temperature cooling. 
Thus, it is used in air conditioning, cold water gas 
absorption in chemical plants, beverage cooling in 
distilleries and many other applications where a 
steam power plant is needed for other uses. Its 
operation is normally limited to installations where 
there is an abundance of steam and condensing 
water at a low cost and where the desired 
temperatures are in the 40F to 50F range. 



Figure 7. Three vortex tubes. A— 6-1/2" long, 2-1/2 oz. B— 
10" long, 6 oz, C — Large capacity tube. Cold end is 10" dia. 
Inlet tube has dial thermometer and pressure gauge. Cold 
and hot ends have dial thermometers. (Vortec Corp.) 
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Figure 8. Leonard Dorsett explains the principles behind 
the SST and its numerous applications. He will be 
demonstrating much of this equipment at the upcoming 

1994 International Tesla Symposium 

Since a relatively low steam pressure is required, 
steam jet cooling is often used in plants which use 
high-pressure steam for operating machines. The 
exhaust steam is right for steam jet refrigeration. 
With SST massive amounts of low cost steam can 
be supplied reducing the cost of refrigeration, or the 
need for existing high pressure steam facilities! 

Other Applications of the SST System 

The SST system can dramatically increase electricity 
production by eliminating costly conventional boilers 
and water purification. In addition, it will prove to 
be an ideal low-cost method for the heating and 
cooling of homes and businesses. Small portable 
units can be developed for home use, such as steam- 
cleaning, and insect and fire-ant removal, without 
the dangers of insecticides. 

The SST can be used for low cost purification of 
polluted water or sewage. Salt water can be 
converted to drinking water both quickly and 
inexpensively. Furthermore, it is ideal for 
sterilization and nurturing of soil for agriculture 
where contamination has occurred. 

SST will be used in many governmental applications 
as the fire-fighting applications are developed. In 
the northern portion of the country, SST will be 
used for snow and ice removal from roads, airport 
runways, resorts and businesses. 


The SST system can be utilized with the upcoming 
sonic chemistry industry, which has far-reaching 
applications for previously-unknown and 
undiscovered chemicals and metals. And this is just 
the tip of the iceberg.... 

Conclusion 

One aspect of technology that we are more 
concerned with these days is safety. This system 
can be shut down at any time of operation without 
any consequences. It can be immediately restarted 
to regain normal operations. The nitrogen/carbon 
dioxide components vapor product make for safe 
use around flameable materials. Since the BTU 
converter is not a pressure containment device it 
cannot rupture or explode — an increasingly frequent 
event with increased neglect for boiler maintenance. 

Space does not allow us to go into further detail at 
this time. Many people from the Dallas area and 
some members of the Vangard Sciences Roundtable 
will be at the July 2 1 -24 Tesla Symposium with me 
to demo this technology. Be there! LD 


BIOELECTRONICS! 

What is Bioplasma? 

How about Biomagnetohydrodynamics? 
Or Electrostasis vs. Homeostasis? 

Or Protein Semiconductors ? 

Or “ Homo Electronicus ”? 

Is Biochemistry Enough ? 

Learn the meaning of these important topics from 
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MERGING TESLA'S 
TURBINE AND PUMP 
TECHNOLOGIES 

by: 

Dale Portschi 

3654 S. Giovanna Drive 
Tucson, AZ 85730 


Much of Tesla’s extraordinary career was devoted 
to the development of efficient energy conversion 
inventions. Tesla’ s turbine and pump patents clearly 
describe two energy conversion processes, the 
vortex and the liquid adhesion to a solid (skin 
effect). Both of these powerful energy transfer 
processes are found to occur frequently in nature. 
It was Tesla’s keen observation of natural 
phenomena that led him to many of his great 
inventions and discoveries. 

Both the turbine and the pump inventions he 
developed were based on continuous streams of 
gases or a liquid vortex. Just as resonance was the 
natural phenomena behind many of Tesla’s early 
radio inventions, the vortex and liquid adhesion 
were two other important phenomenon that were 
the basis of his pump and turbine inventions. Tesla 
realized the same natural energy processes would 
work on solids, liquids, and gases. He also realized 
that different types of energy sources (electrical 
energy, magnetic energy, thermal energy) could be 
used to create rotational motion. By understanding 
natural phenomenon and applying his remarkable 
genius, Tesla envisioned and created ground 
breaking inventions. 

Natural Energy Models 

Tesla modeled many of his inventions by observing 
the universe. The universe contains galaxies with 
spiral shaped clusters of stars. These clusters of 
stars would spiral inward and collide by gravitational 
forces alone. The rotation of galaxies generate 
counter-balancing centripetal forces that keep the 
spiralling star patterns intact. Balance is maintained 
by natural opposing forces. 



If you examine photographs of galaxies they have 
similar shapes. Each center is a circle or globe of 
filled stars and radiating from this center are attached 
arms that have the shape of a six. Some galaxies 
have two arms that are diametrically opposed. 
Other galaxies have six or more arms. Curiously, 
only two arms connect to the inner circle on most 
galaxies and the remaining arms are disconnected as 
trailing arms. The arms that connect to the inner 
circle of the galaxies intersect tangentially on 
opposite sides of the inner circle. 

The important fact is that the galaxy's balance is 
achieved and maintained over time. Multiple arms 
are balanced in space according to mass and 
acceleration by an equal number of like stars or dark 
stars on the other side of the galaxy. A spiral shape 
is an important formation in nature and Tesla used 
this phenomenon to develop inventions based on 
vortices. 

Galaxies are very efficient energy models. Since 
they exist in space and operate on gases, liquids and 
solids continuously, galaxy models have much to 
offer an inventor. A mechanical model of the 
galaxy is shown below. 

In nature every model of an energy source has a 
counterpart. Magnetics and electronics have north 



Mechanical mode! of a 
galaxy. A disk with four 
streamers attached in a 
spiral configuration. This 
is equivalent to a 
compressor. 



Mechanical model of 
divergent space. This 
consists of four blades and 
a disk. Gases flowfrom the 
center outward to the edge 
of the disk and beyond. 
Note the blades are 
tangential on the inner and 
outer edge of the doughnut 
shaped disk. 
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respectively. F or the vortices there is the convergent 
(galaxy) model and the divergent model (empty 
space). 

The Vortex 

- Energy's Natural Path 

Tesla wrote of the principles of operation of his 
turbine in his patent notes. The vortex was described 
many times in the patent papers. A vortex is a 
naturally occurring phenomena found in space, the 
atmosphere, and everyday life. Galaxies, tornados, 
water spouts, and whirlpools of water draining in 
sinks are common occurring examples of the vortex. 
An atmospheric vortex is a rising column of warm 
air that spirals as it moves vertically. These spiralling 
air masses can cause clear air cyclones or create 
tornadoes embedded within storm clouds. Low and 
high pressure systems are an illustration of vortices 


in the atmosphere. Wind speeds in tornadoes can 
reach 600 miles per hour and extremely low 
atmospheric pressures . develop in the funnel. 
Manmade structures can explode and be ripped 
apart by the powerful forces within a tornado’s 
vortex. In nature there are two types of vortices, 
those that converge and those that diverge. 
Interestingly, Tesla used the convergent vortex 
concept in his turbine design and the divergent 
vortex concept in his pump design patents. 

A convergent vortex is an inward spiralling mass of 
particles whether solid, liquid, or gas. The conver- 
gent turbine is usually driven by steam or compressed 
air. High pressure gas or steam is introduced at the 
outer edge of the turbine’s disk array and moves in 
a spiral motion towards the cutout center of the 
disks. The pressure is significantly reduced due to 
the large opening in the center of the disks that lead 
to a large exhaust port. 

Boundary Layer Effect 

- A Powerful Natural Phenomenon 

The rapid pressure drop from the input to the output 
causes a significant energy transfer to the rotating 
disks. The energy transfer process is also enhanced 
by the boundary layer ox skin effect (water molecule 
attraction and adhesion to solid surfaces). During 
this adhesion process the moving steam condenses 
to a thin film of water that coats the disk and imparts 
further rotational energy to the disk. Tesla made 
mention of both these processes being key to the 
operation of the steam turbine. The compressed air 
version of the Tesla turbine works on the vortex 
principle alone . It would bean interesting experiment 
to see the power output difference between the 
same turbine run on steam versus compressed air at 
similar input pressures. This would isolate the 
boundary layer effect energy transfer process from 
the vortex energy transfer process. 

In contrast, the divergent vortex is an outward 
spiralling mass of molecules or particles. Recently 
developed versions ofTesla’ s pump use the divergent 
vortex to handle concrete, oil, water, jellied 
substances, and powdered materials. If the disks 
were placed very close together in the pump it 
would move gases efficiently as well. In this mode, 
the pump could be a compressor or a vacuum pump. 
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One of the interesting features of Tesla’s pump is 
the smooth polished disk surfaces that have no 
impeller blades. The lack of impeller blades allow 
the flow of materials or fluids to be stopped without 
damage to the pump. No molecular damage occurs 
to the materials in the pump when the pump input is 
stopped as in conventional pumps. Again, the 
boundary layer effect occurring on the disks in the 
pump has an energy transfer effect on the material 
as it spirals outward to the edge of the disk. Low 
pressure exists near the input of the pump relative 
to the high pressure at the output of the pump. 

A Practical Tesla Pump 

To make a practical compressor or vacuum pump 
more than one disk is needed. The idea is to stack 
many disk and blades together in a cylindrical array 
for more effect. The figure above, shows how the 
array would be built up by laminating the disks and 
blades together. 

The compressor or vacuum pump will require ten or 
more disks and blade sets to make auseable cylinder. 



The rotary compressor can be used as either an air 
conditioner or a refrigerator cooler. 
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This design is useful for rotary air compressors, 
vacuum cleaners, air conditioning blowers, vortex 
coolers, wind turbines, and vacuum generators. 
Spin the disk set on a magnetic bearing, power it 
with wind pressure, attach an alternator and you 
have a natural source of alternate power. By 
attaching a hose to the outlet you can use it for a 
powerful fan or suctionpump. Connect an expansion 
funnel to the output and the compressor version will 
provide cooling for refrigeration or air conditioning 
without any freon required. 

As you can see from the above applications, the 
galaxy vortex phenomenon can be put to good use 
here on earth. Natural energy sources have been 
around a long time and are going on around us 



continuously without causing pollution and other 
side affects. We could all learn a lesson about good 
science by observing how nature does it. Note, the 
pump and turbine have similar construction but are 
the exact opposite in the way they work. Your 
comments and ideas on this topic or other natural 
phenomenon will be appreciated by the author. 

The Tesla Turbine 

- A Mechanical Design Masterpiece 

Tesla paid very close attention to mechanical details 
when he wanted to achieve maximum performance 
from his designs. One special feature of the Tesla 
turbine was a flow director set of rings that forced 
the steam to flow between the gaps in the disk array. 
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This reversible steam entry port enables Tesla turbine 
have either forward or reverse motion. 

These flow director rings located on both ends of 
the disk array would prevent steam flow from going 
around the outer surfaces of the disk array on the 
right and left. These flow directors insure the 
pressure differential between input and output 
streams is felt mostly through the gaps in the disk 
array. These flow director rings improve the 
efficiency of the turbine. 

Tesla’ s turbine has many important design features 
that should not be ignored by inventors looking for 
an efficient energy conversion system. Some 
versions of Tesla’s turbine had a reversible flow 
entry port. As the entry port was rotated 180 




The Hydraulic Tesla Engine envisioned by the author 
would utilize both Tesla turbines and Tesla pumps in a 
unique configuration. 


degrees the steam input direction would also rotate 
180 degrees. This reversible steam entry port 
would be a useful feature in car engine designs to 
enable forward or reverse motion. The spiral flow 
of the gases is also reversed in direction as you 
rotate the control valve 180 degrees. 

T esla’ s patent papers indicate efficiency tests of the 
turbine were significantly better than the piston type 
of steam propulsion (the standard at that time). In 
comparison with the 3 0% efficient gasoline engines 
of today, a modem tesla turbine could well be 90% 
efficient if designed with modem technology and 
metals. Here are just a few of the Tesla turbine and 
pump advantages: 

1 ) Highly efficient — high power to weight ratio. 

2) Input can be abruptly shut off without destroying 
the unit. 

3) Fixed installation or mobile applications. 

4) Few moving parts — less things to fix. 

5) Long operating life — if bearings are changed to 
magnetic bearings. 

6) Low emissions. (If hydrogen is used the output 
is water vapor.) 

7) Fewer and simpler machining operations are 
required to build than similar devices. 

8) Direction is controllable by input flow direction 
change. 

Tesla’s bladeless turbine does have a few 
disadvantages. However, most of these problems 
could be overcome by design. Some of the Tesla 
turbine and pump disadvantages are as follows: 

1 ) Small units require a high rpm to achieve useable 
torque. 

2) Bearing life decreases with higher rpm. 

3) Gyroscopic effect at high rpm. 

4) When steam is used as the energy source, a 
condenser is usually required to recover water. 

5) Belt, chain, or geartransmissions cannot tolerate 
high rpm or reversals. 

6) Needs a quick starting mechanism to be practical. 

The primary disadvantage of the Tesla turbine is the 
high rotational speed required to achieve useable 
horsepower. A one cubic-foot tesla turbine with 
8.75-inch diameter disks could develop over a 
hundred horsepower at 50,000 rpm at 125 pounds 
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A magnetic bearing assembly between the turbine and 
pump would make the entire system wearout proof. 


per square inch. A two- foot diameter disk turbine 
could develop 1 200 hp at 2400 rpm. A car engine 
would probably require a 14-inch diameter disk 
array of 13 disks that would rotate about 6000 to 
1 0000 rpm. This rpm could be reduced to 1 000 to 
2000 rpm by adding disks (for example 25 disks). 

Centrifugal forces would have to be taken into 
account in a car turning a comer with this gyroscopic 
type of engine. Mounting the disks horizontally 
might solve this problem. The high rotational speed 
does create a problem of attaching the turbine shaft 
to a belt or chain or gear train. These belts or chains 
would be susceptible to disintegration at high speeds 
and abrupt reverse direction changes. The author’s 
proposed solution solving the belt, chain, or gear 
problem might be to couple the Tesla turbine to the 
Tesla pump. 

The Hydraulic Tesla Engine 

Connecting the Tesla turbine on a common shaft 
with a Tesla pump allows the turbine to convert 
rotational energy to hydraulic power on the output 
of the Tesla pump. In an automobile application, 
external 50 horsepower Tesla hydraulic motors 
could be placed on the car’s wheels and be driven by 
the pump output. Hydraulic servo valves could 
control the rate of flow to the hydraulic motors and 
change direction by flow reversal to the hydraulic 
motors. 

High speed Tesla turbines can also develop bearing 
problems. The Tesla steam turbine will run hot and 
the bearings will be stressed to the limit. Continuous 
oil flow over the bearings by an external oil pump 
and external oil cooling system may be required for 
long life. On one of the industrial versions of the 
Tesla turbines, the bearing housings were external 
to the turbine housing on external metal supports to 
keep the bearings cool and contain oil bathes for 


lubrication. An intriguing idea would be a magnetic 
bearing assembly between the turbine and pump to 
make the entire system almost wear out proof. The 
author is interested in information from any readers 
on the construction of magnetic bearings. 

Another problem associated with development of 
the turbine is how to create instantaneous steam 
pressure and continuous steam pressure to activate 
the turbine. The author’s proposed solution is to 
build a rotary valve steam generation chamber. 
The chamber would have two half circle rotary 
valves on both ends of a center divided cylinder. 
The divided cylinder would create two separate 
chambers with one chamber end covered and the 
other end uncovered by each rotary valve. A T esla 
compressor would force intake air into the open 
chamber side while the closed chamber side re- 
ceives a burst of hydrogen gas and a water spray 
from separate injectors. A spark plug on each 
chamber would ignite the fuel and water mixture 
and form instantaneous steam. The output rotary 
value would start opening just prior to ignition to 
allow the steam pressure to leave the chamber and 
enter the Tesla turbine. 

Significant amounts of water are required to feed 
the turbine steam for continuous operation. A 
closed loop system of instantaneous steam genera- 
tion and water recovery would be required to make 
the Tesla turbine a feasible automotive engine. A 
special type of condenser using convection cooling 
and heat pipe technology would be the modem way 
to reclaim the water effectively. A heat pipe is a 
98% efficient heat transfer assembly consisting of 
closed metal tube made of copper with a vacuum in 
it and a working fluid, water, in it. A cloth wick 



A Rotary Valve Steam Generation Chamber would create 
instantaneous steam pressure and continuous steam 
pressure to activate the turbine. 
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A Futuristic Water Recovery System would be needed to 
make the automotive Tesla turbine system feasible. The 
figure above highlights a number of features in the author's 
proposed system. 

material is also enclosed in the tube to help distrib- 
ute the small amount of water in the tube. The heat 
pipes would be coiled in the condenser and exit the 
condenser to extend into the aluminum convection 
coolers. 


Conclusion 

In conclusion, Tesla’s turbine and pump technolo- 
gy could be combined into a tandem energy 
conversion system. This system could be expanded 
into an engine for transportation purposes by add- 
ing a steam generator, steam condenser, hydraulic 
motors, and hydraulic servo controls. Readers are 
encouraged to make comments, suggestions, or 
design improvements on this topic. 

I hope this discussion of the Teslapump and turbine 
will generate further interest and hopefully some 
invention on the part of the readers to help recreate 
modem versions of this technology. This technol- 
ogy is important in that it closely imitates natural 
energy conversion processes. T esla was very much 
in tune with the idea that science and nature must be 
as compatible as possible to insure the long term 
coexistence of man and nature. DP 
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Several years ago, I purchased a booklet that dealt with some of 
Nikola Tesla's Inventions. Among the discoveries that were addressed in 
that booklet was the Tesla turbine. I searched long and hard for 
material on this turbine, but only a few things were available. Since 
it wasn't an easy road, finding information, 1 thought there would be 
some interest in what I've accumulated. So, I've written it down. 

Thank you for your inquiry on an invention that was buried, and 
remains buried, by economic and political forces. The original patents 
on the Tesla turbine were filed in 1909 and granted in 1913. Among the 
comments made on the turbine at its revelation are "greatest invention 
of the age", "the apotheosis of simplicity", "an ideal turbine", and so 
on. But before we go any further, let's understand a little history of 
the sciences. 

Most of the principles of physics we work with today were 
uncovered many years ago. Even that abstract and fascinating area 
called quantum physics had its roots back in the early 1900 's, and was 
well entrenched by the 1930‘s. The modern internal combustion engine is 
little different than the original patents in the late 1800's. All 
that's truly been done is to refine that engine. Modern turbines have 
been refined to a very high degree, but it must be remembered that the 
origins date back to the Greeks, thousands of years ago. The period of 
great invention truly was between 1700 and 1930. Virtually all physical 
rules were developed in this period, including the main theory of 
quantum physics. It was in the latter part of this period that Nikola 
Tesla made his contributions, among them the practical use of 
alternating current, without which we wouldn't have our modern 
electrical distibution systems. It was Tesla's discoveries of efficient 
generation and use of alternating current that made it all possible. 

Tesla was not, as many have supposed, an electrical engineer. He 
was, by his own statement, a mechanical engineer sidetracked into 
electrical engineering by his own goal of building a flying machine. 
When, after years of thought, he devised and perfected his turbine, this 
was not a spur of the moment thing; and the first of the turbines wasn't 
very good. It was after a good deal of experimentation that the Tesla 
turbine actually grew up, into a very elegant, very efficient turbine of 
rather astounding abilities. 


So. . . 

Kow about a pump that will pump almost anything that will flow, 
including pulverized rock, without apparent damage to the pump? 
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How about an engine that has one moving part, and the only wear- 
prone piece used in it's construction is the bearing supporting the 
shaft? 


This is the Tesla turbine - arguably the most elegant engine ever 
invented, and without question the most misunderstood. This turbine is, 
if proper guidelines are followed, the most efficient of the turbines 
(up to 95% proven efficiency), and incidentally, far exceeding in 
efficiency and power to weight ratio any piston engine ever produced 
anywhere. 

This is also one of the most thoroughly suppressed inventions 
ever. Think of it - a simple, easily manufactured turbine with 
incredibly great low RPM torque, efficiency that more closely approaches 
perfection than any engine or pump yet developed, up to 95% efficiency 
in test situations, the ability to run on almost any fuel, including 
sunlight (similar to the Stirling engine), and with only the bearings to 
wear out! And how long will a properly designed and manufactured set of 
ball or roller bearings wear, if they are lubricated well and if there 
is little side load and no thrust load? A long, long time. 

The Tesla turbine has been suppressed with good reason - it would 
put a lot of companies in economic peril, or so they believe. If Big 
Automobile Companies couldn't sell replacement engine parts (except ball 
or roller bearings), where would they be? Business would be cut by 
massive amounts! (It has apparently never occurred to them that other 
products could be sold, that the money saved by consumers would 
undoubtedly be used on other consumer products; and we consumers would 
be a lot better off ! ) 

If Big Gasoline Companies sold less than one-quarter of the fuel 
they do now, what would happen to the huge profits they make? What 
would happen to the Energy Crunch? Somebody there might even be forced 
to think! And we can't really consider the good of the American public, 
now, can we? 

If _thi£ .turbine., were used.. in All_cars and trucks (yes, even the 
big trucks!), and fuel use dropped by 75%, where would the Arabs and 
their oil wells be? They would be in big trouble, while you cruised 
your 4000 pound big Ford at 65 on the Interstate, doing 60 or 70 mpg 
with the Tesla air conditioner on (no CFC’s, Just plain old air). 

And the turbine would be able to run without a muffler, without a 
catalytic converter, without worrying about hot exhaust. The Tesla 
turbine utilizes almost all the heat from burning the fuel, and there 
are no blades to make noise as in a normal turbine. 

The Tesla turbine can run from steam, too, even wet steam! And 
using compounding tactics, the steam can be completely converted back to 
water within the turbine itself! This isn't possible with a normal 
turbine. With a compounded Tesla turbine, no radiator is necessary, so 
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weight is cut way back, while horsepower is drastically increased (the 
latent heat of vaporization, the heat required to change the water to 
steam, is recovered by the turbine - about five times the energy as is 
required to raise the temperature of the water to the boiling point). 

How about a water pump that's 90% efficient instead of 20-30% 
efficient (under ideal conditions, well built pumps can do 70%)? And a 
Tesla turbine configured for pumping water can ingest sand without 
damagel In fact, since there is no blade turbulence introduced into the 
fluid by vanes (lifting surfaces), the Tesla turbine can pump boiling 
water (something no other pump can do well, if it can at all) and still 
retain most of it's efficiency! 

With minor design modifications, the Tesla turbine can be used as 
an air compressor, and a very efficient one at that. Or it can be used 
as an air motor. 

This instruction manual explains how the Tesla turbine works, how 
it is that the Tesla turbine is so efficient, and most importantly, how 
you can build one yourself. Plans are included in the manual so a small 
turbine can be made for test purposes, to run on compressed air. There 
are also plans for a water pump, and some other devices that are easily 
constructed in an average garage with hand tools. 

Also included are plans for a steam driven turbine. Both a simple 
turbine and a compounded version are presented. 

There are plans for a water pump. The Tesla turbine can pump to 
higher heads than a normal pump, and is three or four times as 
efficient. Further, sand, grit, aquatic plants and so on, do not impair 
the operation of the Tesla turbine, nor does any detritus cause the pump 
to deteriorate. Pump speed is not limited, either: the faster the rotor 
turns, the more water is pumped. 

There is theory included on construction of a solar powered Tesla 
turbine. Think about that a bit: if a normal solar cell is 10% 
efficient, and the Tesla turbine is 90-95% efficient, if. the collector 
were properly designed, you could get six or seven times the capability 
of a solar cell. In southern areas, where about 370 watts of sunshine 
per square yard are available, you could actually generate most of a 
household's electrical needs with just a few square yards of reflective 
solar panels, which are much less expensive than solar cells, and the 
power generated would be standard 60 HZ AC. 

The possibilities are almost unlimited. Quiet fans. Quiet 
airplane engines. Light, small automotive power plants. Electrical 
energy generation made easy and efficient. Pumps for nearly any fluid. 
Engines that run using nearly any fuel. Air conditioning. Anything 
using any kind of engine or motor can be powered by the Tesla turbine. 
Any fluid can be pumped with a Tesla turbine. 
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And the turbine is so easy to make, it's almost unbelievable! A 
few pieces of sheet metal, NO metal forming, NO blades, NO vanes, just a 
few pieces of punched sheet, some pipe, some shaft, a bearing or two, 
and a jet or diffuser of some kind (also easily made) will put the 
machine in business! 

So there we have it. A truly remarkable device, capable of many 
different functions, easily made, and efficient. 

And no, this turbine is not a joke. It does work, and howl It's 
terribly real. I'm a real skeptic, and 1 wasn't 100% convinced myself, 
till I tried it. After I realized it does work, I sat down and analyzed 
why it does, then went about building different types for different 
things. The turbine never failed me. 

It's all contained in this well illustrated booklet. Hundreds, 
maybe thousands of different uses can be found for this device. There 
have been blowers (air movers pumping tens of thousands of cubic feet of 
air per mlnutej, vacuum pumps, water pumps, pulverized stone pumps, 
pumps that move salt water without damage, and so on. There have been 
gas turbines, steam turbines, air engines and.j;ojmr_essors, and even 
turbines that will run on pulverized coal (that would destroy a normal 
turbine in short order). I can't possibly come up with all the uses, 
but the more people that know about it, the better. At least with this 
device, we can take matters more into our own hands. 

To take advantage of years of searching and experimentation, mail 
the order blank enclosed. The cost is $14.95, including shipping. 

Your order will be shipped to you within forty-eight hours of 
receipt. Satisfaction guaranteed: return the booklet in salable 
condition within 30 days and your money will be refunded, no questions 
asked. 


Let's go! Let's do this thing! Maybe if enough exposure is given 
this rig, we can cause a revolution in all our mechanical things! I'd 
really love to see it-L 


payable to: 

T.D. Praast 
1315 Pepper Dr. #7 
El Cajon, CA 92021-1415 
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